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Art. XXXIII.—On the Deflection of the Plumb-line and 
Variations of Gravity in the Hawaiian Islands; by E. D. 
PRESTON, Sub-Assistant, U. S. Coast and Geodetic Survey. 


[Published by permission of the Superintendent of the U. S. Coast and Geodetic 
Survey. ] 

Own the return of the Solar Eclipse Expedition from the 
South Seas, in 1883, two of the party stopped in the Sand- 
wich Islands for the purpose of —- the force of grav- 
ity. An old pendulum station on the island of Maui, occupied 
by DeFreycinet in 1819, was the point chosen. While there 
the latitude of the place was determined with precision, by 
the method of equal zenith distances. This latitude was car- 
ried back by triangulation to Honolulu by Professor Alexan- 
der, the Surveyor-General of the islands. It was there com- 
pared with the local astronomical latitude as given by Captain 
Tupman, of the British Transit of Venus Expedition of 1874. 
Their comparison revealed a discrepancy,—quite incompatible 
with the accuracy of the work,—as shown either by the star 
observations at the terminal points, or by the triangulation 
connecting them. This seemed to prove, as indeed had long 
been suspected by Professor Alexander, that there were un- 
usual plumb-line deflections. Both the excess of matter in the 
high mountain masses above, and the defect of matter in the 
deep sea below, would indicate this. 
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In view of the importance of the determination of these 
deflections in the survey of the islands, as well as the general 
scientific interest in the subject, the Hawaiian government 
was led to ask the codperation of the United States in’ the 
work of determining with precision a number of astronomical 
latitudes. Accordingly, in December, 1886, with the sanction 
of the Honorable Secretary of the Treasury, the Superintend- 
ent of the Coast and Geodetic Survey loaned the necessary in- 
struments, and granted one of the members of the service a 
leave of absence long enough to make the observations On 
the part of the Hawaiian Survey, Messrs. F. S. Dodge and W. 
A. Wall assisted in the gravity ‘obser vations. Mr. “Wall was 
permanently attached to the party and recorded all the latitude 
work. 

The credit of the work, therefore, belongs in part to both 
governments. The Island Survey bore all the expenses, and 
selected the stations; the Coast and Geodetic Survey loaned 
the instruments, furnished the observer, and is making the 
computations. 

Later it was thought desirable to supplement the latitude 
work, by the determination of the force of gravity on the top 
of one of the mountains, and at the sea-level. This would 
give a check on the deflections determined at the foot of the 
mountain, by means of the zenith telescope. For, whether 
there exist great caverns under the visible surface or not, the 
pendulum will give us a value for the mean density of the whole 
mass. Then, knowing the volume and density, it is a simple 
arithmetical process to find its influence on the plumb-line sus- 
pended at a given distance from it. The liberality of the 
Hawaiian government can only be commended when we find it 
devoting time and money to the solution of scientific questions 
in which the rest of the world is quite as much interested. 

The scope of the work was as follows: Fourteen latitude 
stations were to be established on the four principal islands of 
the group, viz: Kauai, Oahu, Maui and Hawaii. These were 
distributed in such a manner as to bring out the deflections of 
the plumb-line; being in general north ‘and south of the high 
mountains. At each one of these stations it was proposed to 
observe thirty-three pairs of stars on three successive nights; 
which would bring the probable error of the resulting latitude 
below one-tenth of a second of are. 

Practically, however, this plan could not be rigidly adhered 
to. At all the windward stations the weather was very un- 
favorable for astronomical observations. At Kohala the wind 
was always too strong to allow us to pitch a tent in which to 
live. An old sugar storehouse, long since abandoned, served 
instead. At Hilo, where the rain-fall is sixteen feet in one 
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year—and this all falls during the time the trades blow—only one 
good night’s observation could be obtained in a month’s stay. 
At Ka Lae the station was eight miles from the water supply ; 
the road leading part of the way over the rough lava known 
as the “aa.” All these circumstances made it necessary to 
make the best possible use of good weather, when so favored, 
and not unfrequently over one hundred pairs of stars were se- 
lected for observation on a single night. The greatest number 
obtained, however, was seventy-five, these being taken at 
Kaupo in less than eight hours’ observing. Satisfactory work 
was done, allowing only one minute and a half between pairs, 
and thirty seconds between stars of the same pair. In this 
time the micrometer was read and the instrument revolved 
180° in azimuth. The whole number of observations was 
about 1500, being on the average more than one hundred for 
each station. 

The mean places of these stars are being deduced by Mr. 
Henry Farquhar, at the Coast Survey office, and will be very 
reliable—about twenty of the best modern catalogues being 
consulted. Many of the stations, however, being nearly in the 
same latitude, pairs of stars occur which are common to sev- 
eral places ; so that the difference of latitude of these stations 
is independent of any error in the declinations. 

For the gravity work two pendulums were supplied by the 
Coast and Geodetic Survey. They were of the reversible pat- 
tern one measuring a meter between the knife edges and the 
other a yard. They were to be swung on top of one of the 
mountains, at the sea level, and at Honolulu, to connect the 
work with that done in 1883 by the U. S. Eclipse Expedition. 

The mountain chosen was Haleakala on the island of Maui. 
It rises slightly over ten thousand feet above the sea and has 
on its summit one of the largest extinet craters of the world :—the 
crater itself being half a mile deep and twenty miles in cir- 
cumference. At the southwestern corner of this gigantic pit 
and within fifty feet of its perpendicular walls the instruments 
were set up and the force of gravity determined. 

The Yard Pendulum is common to both the determinations 
of 1888 and those of 1887. 

The scheme for conducting the observations was identical 
for each station and was strictly adhered to as far as the cireum- 
stances would permit. The pendulum was swung day and 
night without interruption from the beginning to the end of 
the observations. Stars were first obtained for time, and the 
pendulum was started at the time of reversing the telescope. 
This being the mean epoch of the star observations, the ie 
tions were thus referred directly to the stars without depend- 
ing on the rate of the chronometer. The same stars when 
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possible being observed on successive nights, the errors in right 
ascension were also in a great measure eliminated. 

Six swings were made with the heavy end down. The pen- 
dulum was then revolved 180° around its longitudinal axis, 
and six more swings were made. It was then reversed end 
for end, and the same number of swings made with the heavy 
end up. This completed the work with one pendulum. The 
other was observed similarly, and stars were obtained every 
night—the mean epoch, as usual, being at the time of begin- 
ning a new series of oscillations with the pendulum. 

The time was determined with a meridian telesecope—the 
transits of stars as well as those for the pendulum being regis- 
tered on a Fauth chronograph. Two small cells supplied the 
electric circuit in which were placed the chronograph, a side- 
real chronometer, and two observing keys. The chronometer 
broke the circuit every two seconds. 

The knife-edge plane of the pendulum head was made level. 
The precaution was taken to hang a weight equal to the pen- 
dulum on the projecting arm during the operation, to see that 
no appreciable deflection was caused. A similar test was made 
for the whole support. The barometers were carefully com- 
pared with Signal Service standards. The thermometers 
which were made by Baudin, and can be read to hundredths of 
a degree centigrade, had their corrections determined in this 
country both before and after the expedition. The zero point 
of one of them was determined in the islands, and they were 
compared on the mountain immediately after the experiments 
were concluded. 

Although Haleakala is in the tropics and was occupied in 
midsummer, we found great ranges of temperature on the 
summit. Ice was formed at night to the thickness of quarter 
of an inch. The clouds do not usually come within several 
thousand feet of the top, which gave us a clear atmosphere for 
the astronomical part of the work. Indeed many stars were 
observed before sundown with a telescope of 24 inches aper- 
ture and magnifying power of 70. One low star for azimuth 
and four high ones for time were taken before reversing the 
telescope. The same program after reversal, completed the 
evening’s observations—the usual level readings being made as 
often as possible during the work. 

It was found impracticable to carry the pendulum stand to 
the summit; but a better natural support was found, and the 
pendulums were swung in a cavity between two rocks. This 
opening was closed behind by masonry laid in cement, and be- 
fore by tarpaulins, blankets, and dry masonry. The room thus 
formed was about nine feet high by 34 feet in diameter and 
gave a quite uniform temperature. 
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These conditions were much more favorable than those that 
would have resulted from carrying out the first conceived plan 
of taking a stand to the top and swinging in a double tent. 
No more perfect support could be had than a two inch plank 
imbedded in solid masonry, and a cavern protected on three 
sides by twenty feet of rock gives exceptionally good tempera- 
ture conditions. The support in its essential features was the 
same for all three stations. 

Three thermometers placed near the top, middle, and bottom 
of the room were used throughout the work. The one below 
was attached to a brass rod, and the rod and thermometer were 
enclosed in tin foil—-thus insuring as far as possible the same 
temperature for both. The brass rod and the pendulum being 
of the same metal, the lower thermometer was supposed to 
indicate the true temperature of the pendulum at its lower 
end. This thermometer was read continuously throughout the 
swing. The middle and upper ones were only read when it 
was necessary to enter the room to start the pendulum By 
this means we get a very accurate idea of what the real tem- 
perature is, throughout the whole length of the bar. At one 
station a fourth thermometer was employed which gave the 
temperature of the air in the immediate neighborhood of the 
attached thermometer and rod. When these means are em- 
ployed it is hard to believe that an error in the mean tempera- 
ture of the whole pendulum can be made as great as one-tenth 
of one degree. The influence of such an error is quite within 
the general range of errors of observation, or accidental errors 
beyond our control. 

The oscillations were observed from the transit tent twelve 
feet distant by means of a small theodolite. A window of 
plate glass was built in the wall of the pendulum house, and 
through it the observations of transits, amplitude of arc, and 
lower thermometer were made. 

Each swing with heavy end down was made to rery of 
15000 oscillations, beginning with an amplitude of 5 of the 
radius. The instant marking the beginning of the swing was 
determined by forty transits across the vertical wire of the tele- 
scope. ‘lhe probable error of the mean of this number of tran- 
sits is considerably less than one hundredth of a second. After 
the pendulum had swung for four or five thousand oscillations, 
a few additional transits were taken in order that there might 
be no mistake in the whole number of oscillations made. At 
the end of every hour and a half is quite often enough to take 
the intermediate transits, because the uncertainty in “the deter- 
mination of one oscillation, does not, in this time, accumulate 
to be more than half a second at most; and inasmuch as tran- 
sits always begin with the pendulum moving in the same direc- 
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tion, we know that the whole number of oscillations is even. 
Hence the uncertainty of half a second throws no doubt on 
the number made. However, if the variations in temperature 
are excessive, it may be necessary to take this into account 
when the intervals are long; for example, one degree centi- 
grade changes the time of oscillation by one hundred thou- 
sandth part of a second ; therefore an interval of 15000 oscilla- 
tions, in which there was a change of say 5°, would be differ- 
ent from the normal period by about ? of a second; and this 
with the uncertainties arising from the other varying condi- 
tions, would make it extremely doubtful, how many oscillations 
were actually observed. But if intermediate transits are taken 
every two hours, none of the conditions can change enough to 
endanger the count. 

The observations are reduced to similar conditions at the 
different stations, as regards temperature of the pendulum, 
pressure of the atmosphere, amplitude of oscillation, and rate 
of time piece. The teiwnperature and pressure coefticients are 
those employed by Professor C. S. Peirce, and which he de- 
termined experimentally for these particular pendulums. The 
corrections for are were calculated by several different formule, 
all of which however gave practically the same result. That 
of Borda was given the preference on account of the rapidity 
with which the numerical computations could be performed. 
It supposes that the ares decrease in a geometrical ratio, while 
the time increases in an arithmetical one. Peirce’s formula 
assumes that the differential coefficient of the arc, with refer- 
ence to the time as the independent variable, may be expressed 
in terms of the ascending powers of the are and constants. 
These constants are to be determined from the curves of decre- 
ment themselves, for each set of swings; or in case no abnor- 
mal decrement occurs, mean values for the constants may be 
employed to correct all the swings. Weddle’s rule, which finds 
a value for the mean square from six equidistant values, gives 
approximately the same result. 

The varying conditions of rate, ee rature, pressure, am- 
plitude, elevation, and latitude, all influence the period by 
nearly the same amount, when the conditions change by cer- 
tain simple units. One second per day, one degree centigrade, 
one inch pressure, one hundredth of the radius of amplitude, 
one hundred meters of elevation and ten minutes of latitude, 
all changing the period of a seconds pendulum by about one 
-hundred thousandth part of itself. 

In the determination of differential gravity much labor can 
be saved by beginning each swing at the same amplitude, and 
making it consist of the same number of oscillations. This 
makes the corrections for are the same for all, and in the 
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determination of periods, it is only necessary to deal with 
differences instead of the whole interval. 

The determination of the relative forces of gravity at the 
base and summit of a mountain gives sufficient data for the 
computation of the ratio existing between the mean density of 
the mountain and that of the earth. 

Whether we consider the matter lying between the summit 
and the base, as a cone, a cylinder, or the segment of a sphere, 
the mathematical expression for its attraction on the upper 
station is approximately the same, when the horizontal dimen- 
sions of the figure are great compared with the vertical ones. 

In passing from the sea level to the top of Haleakala, the 
time of oscillation was found to have increased by its 355th 
part, or since gravity varies inversely as the square of the time 
of oscillation, the decrease of gravity in passing to the summit 
is part of itself. 

The two stations are not in the same latitude, nor is the 
base station exactly at the sea level; but corrections were first 
applied to make them comparable as to latitude. The time of . 
oscillation at the base station was also reduced to what it would 
have been at the level, of the sea. 

On account of distance alone we should expect the pendu- 
lum to lose 41 seconds per day on being transported from the 
sea to the summit. As a matter of fact it was observed to lose 
only 28 seconds. Hence the mass of the mountain accelerated 
the pendulum by 13 seconds daily. 

Employing Young’s rule we arrive at a value of 43 hun- 
dredths for the ratio of the mean density of the mountain to 
that of the earth. Assuming the earth’s density to be 5°67 the 
resulting density of the mountain becomes 2°4. 

This is not very far from the estimated density of the rocks 
composing the mass, so that this determination does not indi- 
eate any large cavern under the mountain, or any very great 
attenuation of the matter composing it. Mountains as a gen- 
eral rule show a defect of gravity on their summits. But this 
rule has been deduced from experiments made on continental 
mountains, notably in Peru and India. If we admit that the 
surface of the sea is elevated in the vicinity of continents by 
the attraction of the land, mountains need not necessarily be 
supposed light. The great plateau of India would raise the 
apparent sea level immediately under it by nearly a thousand 
feet. This would have a very perceptible effect on the deter- 
mination of the mean density of the plateau. But in the case 
of a mountain rising in the midst of a deep sea the surface 
cannot be supposed to be influenced enough to materially affect 
the determination of its density. In fact a plateau having an 
extent equal to Haleakala and a height equal to its mean height 
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would only elevate the apparent sea level by about ten feet. 
This quantity may well be neglected when we consider that 
the mountain is 10,000 feet high and the mean density in any 
case is not certain beyond two or three significant figures. 
Therefore we should not expect to find in ‘mountains in the 
middle of the Pacific Ocean, a mean density differing very 
much from that indicated by the rocks found on the surface. 

The value 2°4 which the pendulums both agree in showing, 
certainly does not depart sufficiently from that furnished by 
the rocks themselves, to allow us to assert that the mountain is 
lighter than it should be, or that there is a defect of gravity on 
its summit. On the contrary, the indication inclines slightly 
to the other side, if we accept 2°3, which has been estimated 
by geologists for the density of the rocks on Maui. Between 
9500 and 10,000 feet there exist rocks of a comparatively 
great density. This being the case at such an altitude, it is 
most reasonable to su ppose a density, great enough, to counter- 
balance the beds of light lava and cinder, found on many parts 
of the summit. 

In order to have a check on the whole work, as well as to 
compare pendulum results with those from star observations 
with the zenith telescope, the following plan was adopted: 
Latitude stations were made on the north and south side of the 
island, besides an intermediate station on the summit. All 
these stations have been connected by triangulation, as a regu- 
lar part of the Government Survey by Professor Alexander. 
Comparing the astronomical deflections observed on either side 
of the mountain, with those caleulated from its volume and 
density as furnished by the pendulum, we shall have a test of 
methods as well as results and if it is found that these agree, 
we should feel considerable confidence in our opinions concern- 
ing the constitution of the crust. 

The attraction of a mountain may be calculated in several 
ways. The best and most accurate, ‘when sufficient data is at 
hand is that due to Dr. Hutton and is briefly this: The coun- 
try around the station is divided into compartments by concen- 
trie rings and radial lines. The attraction of an element of 
matter depends on its density and the square of its distance 
from the attracted point; and we have asa result a formula 
which must be integrated with reference to three variables. 
The first integration gives us a curve in the plane of the base 
of the mountain: after the second we have a vertical curved 
surface, and with the third results the volume and attraction of 
one of our elementary compartments. Performing the inte- 
gration then for azimuth, distance, and elevation, we have all 
that is necessary to compute the attraction of the mountain in 
the direction of the meridian of the station. Here the work 
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of the integral calculus ceases. But the computation of the 
resultant attraction of the whole mountain is further facilitated, 
by so choosing the distances between the circles and lines, that 
each compartment has a component in the direction of the 
meridian depending only on its height. Then the attraction 
of one compartment has only to be multiplied by the sum of 
the heights of the compartments. These conditions are real- 
ized by taking the azimuths of the radial lines, such that their 
sines are in arithmetical progression, and the lines themselves, 
such that their lengths are in geometrical progression. 
The formula is, 


of 


and the final deflection is, 


12"-44 Ki[>(h)— 


In calculating the deflection at Kaupo the whole island is 
considered in three parts, all of which he to the north. The 
first is comprised between the prime vertical through the sta- 
tion and a semi-cireumference of 10 miles radius. The second 
is also limited by the prime vertical and is a semi-circular ring 
included between radii of 10 and 26 miles. The third takes 
in that part lying beyond the valley, known as West Maui. 

In the first part the ten radii are in arithmetical progression 
the common difference being one mile: in the second they 

n 
have a ratio of _ the radius of the nth circle being 10 x (;) 

or (io miles. In the third they are chosen arbitrarily de- 
pending on the configuration of the ground. 

Radial lines are now drawn from Kaupo as a center and - 
making angles with the meridian line whose sines have a con- 
stant difference of one-tenth. This divides the whole island 
into 318 compartments, the mean heights of which are de- 
termined from contour lines.* The first series of circles 
extends to the summit and includes the great crater. 
Within this limit, which makes up about $ the whole surface 
of the island, we have more than # the whole attractive force. 
The second series goes to the valley, and practically includes 
all the remainder of the attraction. In computing the effect 
of West Maui the mountain is divided into two segments and 
a mean height is assumed for each: giving those parts nearest 
the attracted point greater weight. These heights are about 


* Kindly furnished by Prof. C. H. Hitchcock. 
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2500 and 1500 feet and the resulting deflection is only 4 of a 
second. This value compared with the total deflection caused 
by East Maui shows that the approximate data used for this 
distant part of the island are quite accurate enough. For a 
change of 10 miles in the distance or 10° in the azimuth only 
changes the deflection by a few hundredths of a second. A 
difference of 500 feet in elevation has about an equal influence. 
The distance of the center of West Maui from Kaupo is 35 
miles and its mean azimuth 55°. 

That part of the island lying to the south of the prime ver- 
tical is neglected. A computation of one of the compart- 
ments giving only a deflection of ‘002; besides whatever in- 
fluence this land may have, is practically destroyed by the light 
sea lying north of the prime vertical on the east, as the two 
portions are nearly the same shape and size. 

The sea lying to the southward will have the same influence 
as a volume of density equal to the difference of densities of 
rock and sea water. Supposing the mountain to continue to 
the bed of the ocean, with the same slope that it has from the 
summit to Kaupo, gives a cone of density of rock minus water, 
and volume equal to Haleakala, making up nearly all the disturb- 
ing effect. Hence we multiply the deflection found for the 
mountain by a factor depending on the relative densities of 
rock and water. Increasing the total deflection found or 17’°8 
by 7 of itself we get 29’1 as the entire deviation of the 
plumbline at Kaupo. The deflection found by triangulation was 
29’. This mode of computation is the same as that employed 
by the Ordinance Survey in the treatment of deflections in 
the south of England. A shorter way and one that can be 
employed for an approximate value in some cases, is to con- 
sider the mountain as a paraboloid of revolution. This was 
done for Haleakala using the mean density furnished by the 
pendulum, and a value for the mass of the earth, previously 
employed in investigations of this kind. These data give for 
the deflection at Kaupo, (Ka Lae o Ka Ilio) a station on the 
south side of the mountain, 28 seconds, which is within one 
second of what was found by Prof. Alexander who carried the 
astronomical latitude of Haiku around the island, by triangula- 
tion to Kaupo, and there compared it with the locally deter- 
mined latitude. Of course this very close agreement is only 
accidental because the data used are but approximate and the 
mountain is not a perfect paraboloid of revolution. In fact 
by this method the deflections cannot be known closer than a 
few seconds: for an uncertainty of a quarter of a mile either 
in fixing the radius of the mountain or in estimating the dis- 
tance of the attracted point from the center of what would be 
an equivalent paraboloid, will produce an uncertainty of at 
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least several seconds, for a mountain equal to the one under 
consideration. 

However, when the difference between the astronomical and 
geodetic latitudes is nearly a minute of are, this method will 
give a value for the ratio of the density of the mountain, to 
that of the earth, in which the error is not greater than one- 
tenth of the whole amount. The difference between Play-. 
fair’s reduction of the observations on Schiehallien and the 
generally accepted value is about one-fifth of the whole. 

The last eruptions from Haleakala took place at least many 
hundred years ago. The natives have no traditions bearing 
on the fact; and geologists believe that the immense crater has 
come to its present condition by the sinking in of the top of 
the mountain and not by erosion. Both these would indicate 
a density of the mountain at least equal to its surface density : 
probably more. The pendulum adds testimony in this direc- 
tion, and the zenith telescope observations at the foot of the 
mountain, indicate the same thing. 

Therefore we may assert that ‘the defect of gravity, usually 
noted on continental mountains, does not apply to those on 
small islands in the middle of a deep sea. Whether this sup- 
posed defect is caused by assuming an incorrect mean sea level, 
or whether the mountains are indeed only vertically and not 
horizontally displaced matter, we cannot now state. Both 
causes may exist: one certainly does. 

On the Island of Hawaii there appears to be a striking ex- 
ample of plumb-line deflections. At Kohala we have a detlec- 
tion of half a minute towards the south, and at Hilo, one, of 
quarter of a minute towards the north. These points are both 
on the windward coast and are distant from each other about 
sixty miles. 

It is easy to see why there should be one to the southward, 
at Kohala, for the great mountain masses of Mauna Kea, 
Mauna Loa and Hualalai would all have this influence. But 
at Hilo there is no explanation unless we assume that the south 
side of the island, where the volcanoes are active, is much less 
dense than the north side, where the fires have been slumber- 
ing for centuries. 

In general the deflections everywhere in the islands are 
greater than we expect, judging from analogy with conti- 
nental masses: but here we have a surrounding sea which is 
much lighter than the land on which the continental moun- 
tains rest ; and it is a question whether the sea bottom is really 
very much more dense than the average land. If the earth in 
solidifyi ing has simply contracted unequally, and if each prism, 
having its base on the surface and _ its apex at the center, con- 
tains the same amount of matter, this would not make the bed 
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of the ocean very much more dense than the land. The depth 
of the ocean is about =, of the earth’s radius, and the vol- 
ume of the prism would therefore be decreased by its 34,rd 

art. Hence, if we have the same amount of matter, the den- 
sity should change by such amount. This is entirely inade- 
quate to counteract the effect of the light matter above, or ma- 
terially change the deflections brought to light by the zenith 
telescope or by the pendulum. 

It has been found that variations that arise from hidden 
causes under the Himalayas are two or three times as great as 
those that arise from the mountains themselves. The compu- 
tations on which this result rests assume Young’s rule, and 
take the ratio of the surface density to the mean density to be 
one-half. Besides, it is well known that the rule supposes the 
matter lying under the station to be a plain of infinite extent. 
The same rule has been applied to mountains, supposing them 
to be either cones, cylinders or the segments of a sphere. Ev- 
idently, in these latter cases, the error is in the direction of 
making gravity on top of a mountain too great, because the 
rule corrects additively for too great an amount of matter. 
In fact, to suit Haleakala, the constant factor in Young’s for- 
mula should be changed from 1°25 to 1:36, and we should have 


where the factor } of the ordinary formula is here replaced 
by 4. 

This increase of the factor seems at first a paradox—but we 
must remember that the essential tendency of gravity is to di- 
minish as we rise, and that any correction for matter is a posi- 
tive quantity which must be added to this negative correction. 
Hence, for a cone, which contains less matter than the plain, 
the decrease of gravity should be greater, or the factor which 
corrects for the matter should be greater. 

In fact, the factor that corrects for an infinite plain has only 
to be multiplied by a quantity depending on the cosine of the 
vertical angle of the cone to make it applicable to this figure. 
Supposing the cone to have a vertical angle of 180°, the two 
formule coincide, as they should do, since in this case our 
cone becomes an infinite plain. 

Using the new formula 


“ (1— cos A) | 


to get an dies mean density we arrive at 2°8—the de- 
crease of gravity shown by the pendulums indicating a ratio of 
exactly 4 for the two densities: gravity is first corrected for 


— — =) 
I, 3 7 


Penfield and Sperry—Mineralogical Notes. 317 


elevation, the downward attraction of the cone is then added, 
and this compared with the actually observed decrease gives its 
density. 

The conclusions drawn from the observations are therefore : 

I. Defiections of the plumb-line are greater on island than 
on continental mountains, presumably on account of the lighter 
surrounding sea water; and gravity is not in defect because 
it is here estimated from the true sea level and not from a sea 
elevated by continental attraction. 

Il. Deflections appear to be greater in the vicinity of ex- 
tinct volcanoes than near active ones. 

III. The so-called “hidden causes,” which in the ease of 
the Himalayas give a variation of gravity several times as 
great as those arising from the attraction of the mountains 
themselves, do not exist in the Hawaiian Islands. 


Art. XXX1V.—WMineralogical Notes; by S. L. PENFIELD 
and E. 8. SPERRY. 


1, Beryl. 


In connection with the previous communications on the 
chemistry of beryl from this laboratory,* we thought that it 
would be of interest to re-examine one of the beryls containing 
the most alkali to prove if possible the correctness of the as- 
sumption which we had made, that the alkalies when present 
replace the beryllium. For this purpose we selected the cx- 
sium beryl from Norway, Maine, which had been previously 
analyzed and described in one of our former papers, and sub- 
jected it to a very careful chemical analysis by Mr. Sperry, 
with results which are given below. We also publish the 
chemical analysis of a transparent yellow beryl, known by some 
as golden beryl, from Litchtield Co., Ct., which is collected and 
used as gem material. The mineral was perfectly pure and 
was sent to us by Mr. Geo. F. Kunz, of New York. A third 
beryl which we have investigated is a transparent glassy vari- 
ety from Willimantic, Ct., with very unusual crystalline habit, 
which was brought to our notice by Mr. H. N. Bill, of Willi- 
mantic, Ct., who collected it from a narrow vein of coarse 
granite, at an excavation for a roadway on Oak street, a short 
distance north of the residence of Mr. Joel Fox. The speci- 
men is irregular in shape, not over 24 inches in its greatest 
diameter, it is clear and glassy though much cracked and soiled 
by infiltrating clay, and with the exception of a small part, 


* This Journal, III, xxviii, 25, and JII, xxxii, 110. 
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where it was broken off, is covered with crystalline facets very 
irregularly distributed, so that the system of crystallization can 
not readily be told. The most prominent face on the specimen 
is a prismatic face m measuring nearly one square inch in sur- 
face, but with irregular contour and deeply pitted by crystalline 
depressions scattered ir regularly over its surface.: At either end 
of this face and for a distance of one half an inch back, the erys- 
tal is terminated by a series of dihexagonal pyramids, or beryl- 
loids, in parallel position, there being six of them at one end 
and four at the other; these run into one another in a 
most confusing manner, while most of the specimen is covered 
with such a multitude of berylloid and prismatic faces, that 
their relation to each other can only be ntade out with difii- 
culty, which is further increased by the somewhat curved and 
dull nature of the faces, so that they give only poor reflections 
on the goniometer. The forms which were ‘identified are as 
follows: 

m, 1010, I p, 1011, 1 k, 4261, 6-3 J, 3361, 6-2 

a, 1120, 7-2 v, 2131, 3-3 n, 3141, 4-4 


Of these, x and p were identified only once. The common 
berylloid at the ends of the prism is v with the points rounded 
off as if they had been dissolved away. Where 
the berylloids join the prism, the steeper k 
faces are common. Fig. 1 represents the ar- 
rangement of these faces in a single ideal crys- 
tal, while the specimen in hand might be con- 
sidered as an aggregate of such crystals, with 
prismatic faces in common terminated by a 
series of berylloid points. The whole mass has 
a very much eaten out or etched appearance, 
and the idea suggests itself that this unusual 
and curious development, so unlike our ordi- 
nary Connecticut beryl, has perhaps resulted 
from the action of some solvent upon a large 
mass of beryl. Aithough the angles obtained 
in measuring the faces are only approximate, the 
best of them agree closely with those calculated from Kokscha- 
row’s fundamental me: asurements,* while the determination was 
further facilitated by the occurrence of the faces in zones. 
The following angles were measured, and are given in the 
table, along with the ealeulated values, the number of times 
that different faces were measured and the limiting values. 


* Materialien zur Mineralogie Russlands, i, 147. 
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Measured. Calculated. No. of times. Limit. 

3121.4 2131 31° 34’ 31° 467 30° 57’-31° 34” 
VAY 2131 1231 18° 31’ 18° 11/ 18° 317-19" 51’ 
kak  6241.4261 36° 28’ 35° 8’-36° 28’ 
kak 4261 . 2461 20° 40’ 20° 2’-20° 41’ 
kaf 4261. 3361 10° 36” 9° 32’-10° 36” 
mav 101043121 37° 25’ 37° 16’-37° 257 
man 101044131 28° 51’ 

mak  1010,.6241 25° approx. 
mam 1010, 0110 _ 59° 497 

vak 3121. 6241 15° approx. 


The results of the chemical analyses of the three varieties are 
as follows: 


I, Norway, Maine, Sp. Gr. 2°747, No. 409A in Professor Brush’s collection. 
II. Litchfield Co., Ct., Sp. Gr. 2°716. 
III. Willimantic, Ct., Sp. Gr. 2°725, No. 410A in Professor Brush’s collection. 
I. Ratio. II. Ratio. IIT. Ratio. 
SiO. 64°12 1:069 65°62 1°093 65°72 1°095 
Al,Os 17°89 “175 17°86 “175 18°40 180 
“37 002 
‘16 002 18 002 004 
12 002 
12°13 13°50 13°08 523 
161 007 03 
10 001 12 001 
1°21 *b4 “15 “012 
“15 “015 10 *28 “009 
2°24 124 2°34 2°06 ‘114 
100°21 100 54 100-79 
The ratios are as follows: 


Si0.: Al,Os;: RO : H,0. 

I 1069 : ‘124 or 6 : 0°98 : 3:03 : 0-70 

63008 664: 139 or G6 s O87 : 304 : OF1 

III 1095 ‘551 : ‘114 or 6 : OY8 : 302 : 0-62 
In the above ratios, RO includes all the protoxides (Be, Fe, 
Mn, Cs,, K,, Na,, Li,)O. In relation to the alkalies, it will be 
seen that in analysis I, the BeO is fully one per cent lower 
than in II and III, while by a consideration of the ratios it 
will be seen that this deficiency is fully made up by the pres- 
ence of a sufficient quantity of alkalies. This is certainly the 
necessary proof of the correctness of our assumption that the 
alkalies in beryl are isomorphous with the BeO. In analysis 
I, if we neglect the alkalies, the ratio of SiO,: Al,O,: BeO be- 
comes 6: 0°98:2°72. In analysis II there is an unusual quan- 
tity of Fe,O,, which may account for the yellow color of the 
beryl ; however, the results of the FeO and Fe,O, determina- 
tions can not be regarded as very exact, owing to the difficulty 
of decomposing the beryl with hydrofluoric acid, though special 
care was taken to make the determination as exact as possible. 
Aside from the above-mentioned peculiarities, the analyses 
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present no special features which have not been noted in pre- 
vious papers. The occurrence of alkalies and water, even in 
our most transparent and purest beryls, is well established. 
The water must still remain problematical. It has previously 
been determined as loss on ignition, but we have also made di- 
rect determinations by heating the mineral in a Gooch tubulated 
crucible, collecting the water in a chloride of calcium tube, 
with special care, and obtained results agreeing with the loss on 
ignition. If this water is to be included in the formula, we 
would suggest, as was done in a previous paper,* using the 
usually accepted formula of beryl, Be,Al,Si,O,,, plus one-half 
a molecule of water. This expresses nearly the quantity which 
is present, while the excess, over 0°50 H,O in the above ratios, 
may be accidental or perhaps even basic water, 3H,O being 
equivalent to Al,O, and H,O to BeO. That all of the water 
is basic seems to us improbable, as it is present in too large 
proportion, and if added in any way to the Al,O, and BeO, it 
would distort the simple ratio of SiO0,:Al,0,:BeO to too 
great an extent. The excess of H,O over and above one-half 
a molecule in the three analyses is I, 0°63 ; II, 0°70; III, 0°42 per 
cent. Such quantities of accidental water, as we may call it at 
present, are not uncommon in the analyses of our ordinarily 
accepted anhydrous minerals. 


2. Phenacite. 


Having proved that alkalies are almost always present in 
beryl, replacing the BeO, we decided to analyze a phenacite, 
with especial reference to the detection and estimation of any 
alkalies that might be present. The material, which was fur- 
nished to us by Mr. Geo. F. Kunz, of New York, was the flat 
rhombohedral variety from Topaz Butte, near Florissant, 
Pike’s Peak region, Colorado. All of the material was clear 
and colorless and had a specific gravity between 2°966 and 
2°957, determined by means of the heavy solution. The analy- 


ses are 
Sperry. Penfield. Mean. Calculated for 
Be2SiO,. 


SiO. 54°46 54°42 54°44 54°47 
BeO 45°57 45°60 45°58 45°53 
Na,O 0°21 0°21 
Li,O trace 
Ign. 0°26 "26 

100°49 


The atomic weights Be=9°08 and 0=15:96 were used in eal- 
culating the above values, while for Be=9°4 and O=16-, the 
values are SiO,=54°15 and 45°85. Special care was taken in 
the determination of the alkalies, the solutions coming in con- 


* This Journal, III, xxxii, 110. 
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tact with glass only during the necessary filtrations. The 
slight trace is calculated as Na,O, although it contained traces 
of lithia, as shown by the spectroscope. 

Crystals from Mt. Antero, Colorado.—In a previous paper* 
one of us published a description of these crystals from a few 
specimens which belonged to the Rev. R. T. Cross, of Denver. 
During the summer of 1887, Mr. W. Bb. Smith, of Denver, 
Colorado, secured a large number of crystals, throngh a min- 
eral collector, which are now quite largely distributed through 
mineral cabinets. The difficulty in securing the specimens 
is their occurrence at an altitudé of over 12,000 feet, at a 
locality which is only accessible during a short period in the 
summer, after the snow has disappeared. The crystals are 
attached to quartz, transparent beryl (aquamarine, sometimes 
with good terminations), and Baveno twins of orthoclase, and 
are associated with muscovite and octahedral fluorite. All of 
the specimens which we have seen in the collections of Messrs. 


C. S. Bement, Geo. J. Brush, W. B. Smith, the Yale Univer- 
sity cabinet and the U. S. National Museum show two prom- 
inent developments. One of these, according to our own ob- 
servations and those of Mr. W. B. Smith, who has seen the 
greatest number and variety of specimens from this locality, 
always occurs among those crystals which are attached to 
quartz or beryl and is represented in its simplest form in fig. 
2, which shows the combination of @ (1120, 2-2) and «& (7822, 
—?r t+ (8-8)), giving a very interesting form, owing to the un- 
usual combination of a prism of the second with a rhombo- 
hedron of the third order; sometimes there are associated, 
with these, small faces of m (1010, I), s (2131,+7 4 (3-$)) 
r (1071,+1), and d (0112, -4) as represented in figs. 4 and 5 of 
the previous communication. The second habit, which is 
found among those crystals which are attached to orthoclase, 
has two prisms well developed and is short prismatic, fig. 3, 


* This Journal, III, xxxiii, 132. + Loe. cit. 
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frequently much shorter than represented in the illustration. 
Many of the crystals are of considerable size, measuring over 
one-half inch in diameter and one inch in length. The « faces 
on the larger crystals are always dull and rough and the pris- 
matic faces vertically striated. 


3. Monazite from Alexander Co., N. C. 


Crystals of this mineral, from a locality about three miles 
east of tiie Emerald and Hiddenite Mine, were first brought 
to notice and described by Mr. Wm. E. Hidden,* who sent us 
several grams of very pure transparent crystals for chemical 
examination. It seemed especially desirable to have an analy- 
sis of such a pure, crystallized variety, owing to the fact that 
most analyses of monazite show a greater or less percentage of 
ThO,, and the conflicting views relative to its relation to the 
mineral; i. e., that it belongs in the composition of the min- 
eral, although the oxide ThO, has no chemical relation to the 
Ce,O,, La,O, and Di,O,, or that it is present together with 
SiO, and H,O as an impurity of thorite, ThSiO,, H,O. This 
latter view was advanced by one of us in a former paper,t be- 
ing substantiated by analytical results and microscopic examin- 
ation, but the former view is still held by many and is especially 
advocated by C. W. Blomstrand, who has recently published a 
detailed papert on the subject. 

The chemical analysis was made with great care by both of 
us, according to the method described in the previous paper. 
The specific gravity, taken with precision on a chemical 
balance, was found to be 5203. The analysis yielded 

Sperry. Penfield. Mean. 
P205 2957 2895 29:19 29°57 29°32 
Mixed oxides 71°91 12:37 72°25 72°18 
Si0. 24 47 32 
Tgnition “aN 
The determination of ThO, and CeO, in the mixed oxides and 
calculation of CeO, to Ce,O, gave as the complete analysis: 
Ratio. 
P20s 2933 207 
Di).0s 31°60 210 
1-48 005 
"32 005 
Ign. “<7 


100°15 


The amount of thoria is very slight, really not greater than 
the SiO, as can be seen by the ratio ThO,:SiO, = 1:1, al- 


* This Journal, III, xxxii, 207. + This Journal, III, xxiv, 250. 
¢ Geol. For. Forh., ix, p. 160, 1887. 
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though owing to its very high atomic weight it is represented 
by a much greater percentage in the analysis. The identity of 
the thoria was proved by making an atomic weight determina- 
tion on ‘0276 grams of the oxide and by converting it into sul- 
phate which gave 228 instead of 232, an agreement as close as 
could be expected from the small quantities used. The joint 
molecular weight of the (Ce, La, Di),O, was found to be 328. 
The amount of ThO, is here too smal] to warrant any general- 
izations as to whether it is present as a silicate, which is cer- 
tainly substantiated by our analysis, or whether it belongs to 
the phosphate. Regarding the ThO, and SiO, as present in 
the form of thorite, the P,O, and (Ce, La, Di),O, are present in 
the proportion of a normal phosphate, as shown by the ratio, 
*207:°210=1:1. ThO, can not be regarded as an essential 
constituent of monazite, as it is present in varying proportions, 
though almost always present in the different varieties. 


4. Sussewite Jrom Mine Hill, Franklin, N. J. 


This rare mineral was first described by Professor Geo. J. 
Brush,* who determined its formula to be HRBO,, where R= 
Mn and Mg. A new analysis of this mineral was to be desired, 
especially for the more accurate determination of the boric acid, 
which was made by the method proposed by Professor F. A. 
Gooch.t The material for analysis was taken from the orig- 
inal specimens in the collection of Professor Brush, the pur- 
est fibers being selected, which had a specific gravity of 3-128, 
taken very carefully on a chemical balance, after boiling in 
water to expel the air. 

The analysis by Penfield yielded 

Ratio. 
BOs 33°31 476 
MnO 38-08 536 
ZnO 3°24 040 ‘974 
MgO 15°92 398 
H.0 8°53 412 
Loss by drying at 250°C. 90 
99°98 
The air-dry powder lost 0°34 per cent by drying at 100° C. and 
0-90 per cent at 250° C. Regarding this water as hygroscopic, 
the ratio of Be,O,: RO: H,O = 1: 2:1 very closely, which fully 
substantiates the formula of Prof. Brush, H(Mn, Mg, Zn)BO,. 


5. Twin Crystals of Quartz with inclined Axes. 


Two twin crystals were recently purchased by Professor 
Geo. J. Brush, in London, labeled from Madagascar. As such 
crystals are very exceptional, we thought that a notice of them 


* This Journal, II, xlvi, 240. + Am. Chem. Journal, ix, p. 23. 
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would not be without interest to the readers of the Journal. 

Crystals from Japan, with exactly the same habit, have been 

described and figured by G. vom Rath.* The two crystals in 

- the eabinet of Professor Brush, which are 

each about one inch in greatest diameter, 

are very much flattened parallel to a pris- 

matic face and have a pyramid of the 

second order, 1212, 1-2 as twinning plane. 

The forms are those of the ordinary quartz 

combination, m (101u, I), » (1071, 1) and 

2(O1il, -1) and are developed as shown in 

fig. 4. The m faces are strongly striated 

horizontally. The crystals seem to have 

been attached only at that part where the 

y and z faces make a small re-entrant angle, at the lower part 

of the twin. The crystals showed no decided pyro-electric 
phenomena. 


6. Oligoclase from Bakersville, N. CU., with abnormal optical 

properties.+ 

The material which forms the subject of this investigation 
was sent to us by Mr. Norman Spang, of Etna, Pa., and later 
another fragment from undoubtedly the same locality was sent 
to New Haven by Mr. Geo. F. Kunz, of New York. 

The mineral is remarkable for its purity, both pieces being 
as transparent as plate glass, the only things to mar the trans- 
parency being little bunches or tufts of minute crystals with 
radiated structure which are scattered sparingly and irregularly 
through the feldspar; these show no distinct form and cannot 
be referred to any definite species. The feldspar cleavages are 
well shown; one of them, the basal (091), is very perfect and 
easily obtained ; the second, the brachypinacoid (010), is much 
less perfect, the mineral breaking with a conchoidal fracture 
so that it is hard to obtain a flat cleavage surface; there is also 
a tendency to break with an irregular conchoidal fracture par- 
allel to the macropinacoid (100). The angle between the two 
cleavages, 001 and 010, was measured on two fragments which 
were carefully selected, but the results are not very satisfactory 
owing to the poor (010) cleavage. The best of these measure- 
ments is 0014,010=88° 2’ (supplement), the second gave 88° 
45’, but the reflections were poorer. If placed in position on 
the basal plane, the crystal would have an inclination of about 
2° to the left. An interesting point in connection with this 
feldspar is that there is not a trace of twinning structure to be 

* Pogg. Annalen, clv, 49. 
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found on either fragment, a cleavage piece showing one square 
inch of surface on the basal plane, being perfectly flat and free 
from striations. The specific gravity is 2°651. 

The following analysis was made by Mr. Sperry : 


Ratio. Auorthite. Albite. 
1:043 “160 (2) ‘883 (6°00) 
*228 “080 (1) (1°00) 
“080 ‘080 (1) 
139 ) 145 
006 § 


Disregarding the trace of .Fe,O, and H,O, and calculating 
the SiO, and Al,O, which would unite with the CaO to form 
anorthite (ratio SiO,: Al,O,: CaO=2:1:1), we find that the 
remaining constituents are in the right proportion to form 
albite’ (ratio SiO, : Al,O,: Na,O=6:1:1). The ratio of anor- 
thite molecule to albite molecule is 1 : 3°6, the per cent being : 


Anorthite Ca. Al 2 
Albite 


The above chemical results are sufficient to classify this mineral 
as oligoclase. 

The most interesting and important thing in connection with 
this mineral is that its optical properties are very far from those 
of oligoclase. Sections parallel to the basal plane do not show 
the extinction of oligoclase +1°, but the very large angle 
+39° to 40°. The positive nature of this angle was determined 
very carefully on the two fragments whose cleavage angles 
were measured. The extinctions were measured with a Fuess 
microscope, and in the two sections varied from 38° 30’ to 40°. 
Sections parallel to the brachypinacoid did not show any 
change from light to dark in ordinary polarized light when the 
sections were turned, but in convergent light showed an optic 
axis, as nearly as one could tell, exactly in the center of the 
field. When the cleavage lines are parallel to the principal 
planes of the polarizer and analyzer, the dark bar running 
through the axis is almost parallel to the cleavage lines. A 
similar section of oligoclase should show an extinction of +5°, 
wl convergent light a bisectrix almost in the center of the 

eld. 

We regret that we cannot give any facts regarding the mode 
of occurrence and associations of this interesting feldspar, but 
must leave that for others who may be so fortunate as to study 
this mineral in the field. A study of the crystals, if any are to 
be found, is also to be desired. 


3868 
08 
4°47 
8°62 
56 

99°95 
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7. Barium Feldspar from Blue Hill, Delaware Co., Pa.; the 
Casstn1TE of Dr. I. Lea.* 


Professor F. A. Genth+ was the first to show that this was 
in any way an interesting and distinct variety by his analysis, 
which showed that the feldspar contained nearly four per cent 
of BaO; his results, however, yielded no definite formula, 
and could not be correctly interpreted without an optical 
examination. 

Our investigations were made on very good cleavage speci- 
mens in the Yale University cabinet. A section parallel to the 
base (001) shows that the mineral is a mixture, composed 
chiefly of a monoclinic feldspar with interpositions of a plagio- 
clase (albite) with fine striations and small extinction angle. 
The albite appears as streaks running through the section par- 
allel to the ortho-axis ); these streaks have nearly a uniform 
width of about 0°05"", a varying length of usually less than 
1™™, and taper off slightly toward the ends, which are rounded. 
They are distributed quite evenly through the section, with 
usually a clear space of 0°5™" between the streaks. In the sec- 
tion parallel to the clinopinacoid (010), the streaks are much 
more conspicuous. The plagioclase has an extinction of +-18°, 
which would indicate that it is nearly pure albite; the mono- 
clinic feldspar has an extinction of +6° like orthoclase, it also 
shows in convergent light an obtuse bisectrix. The difference 
in the extinction angles makes the albite streaks more con- 
spicuous than in the basal section, the streaks being parallel to 
the vertical axisc; they have the same width as in the basal 
section, 0°05", but usually a greater length, the longest being 
2™™ ; they are also more tapering. The albite is therefore inter- 
posed in thin plates parallel to the orthopinacoid, with the cleav- 
age continuous in the two minerals. From the frequency and 
thickness of the albite streaks it seems as though it would make 
up not more than one-tenth of the total bulk of the feldspar. 
In the clinopinacoid section it is also seen that the material in 
which the albite is imbedded is not homogeneous but is streaked 
by a series of very narrow bands parallel to the vertical axis, ¢ ; 
these are very evenly distributed through the orthoclase and 
show the same extinction as the albite. It is probable that 
these microscopic interpositions, parallel to the larger ones, are 
also albite and they give in polarized light, when one of the 
minerals is dark, a curious vein-like, striated appearance to the 
section. Each of the larger streaks of albite is surrounded for 
a distance of about 0°01™" with a zone of pure feldspar, which 
contains none of these minute streaks of albite ; this makes the 
contrast between the wider streaks of albite and the mono- 


* Proc. Acad. Nat. Sci. Philad., 1866, 110. + Report Min. Penn., 1876, 224. 
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clinic feldspar all the more marked in polarized light, for if 
the albite is dark it will be surrounded by a border of homo- 
geneous light material, the whole being imbedded in a gray 
streaked ground-mass which has the optical effect of an ortho- 
clase, because the microscopic albite interpositions are subordi- 
nate to the monoclinic feldspar. 

We hoped that at least a partial separation of the albite and 
the monoclinic feldspar could be made by means of the heavy 
solutions, but in this we were disappointed ; the cleavage being 
continuous in the two minerals prevents a good mechanical 
separation by powdering, and the difference in specific gravity 
was too slight to yield good results. All of the powder had 
nearly a uniform specific gravity. That which was taken for 
analysis sank in the Thoulet solution of sp. gr. 2°642, leaving 
about half of the powder floating. The following analysis, 


which was made by Mr. Sperry, showed traces of Mn, Mg and 
Sr, but they were too minute to be determined. The mean of 
three analyses by Professor Genth is also given for comparison : 


BaK 
feldspar. 

*121. 


Albite. 
“384 (6) 
“066 (1) 


Anorthite. 
‘010 (2) 
( 1) 


Genth. Sperry. Ratio. 
62°95 1°049 
19°82 
17 
"005 
4°01 064 
395 026 
8°57 091 ) 
‘ll 


“005 (1) 
064 (1) 


100°04 99°83 


In the above the ratio of Al,O,: RO=-192:-186, almost 1:1. 
Regarding the small amount of CaO as belonging to anorthite, 
and uniting it with the albite to form a plagioclase, we can 
divide our analysis into two parts which will probably repre- 
sent the mixture very closely : 


K,Bafeldspar, K, Ba feldspar, Ba feld- 


Na,Ca feldspar, 
Albite. 
Si0.- . 23°64 
Al,Os_ 1°33 
CaO... °25 
Na,O 


35°23 


In the 64°32 


and a barium feldspar, deducting the ratio of 


Monoclinic. 
SiO... 39°31 
Al,Os 12°49 
BaO 3°95 
K,0_. 8°57 


64°32 


Caiculated to 100. Ratio. 


61°12 
19°42 

614 
13°32 


100-00 


1019 
188 
142 


"852 (6) 
‘147 (1) 


“142 (1) 


spar. 

‘167 (4) 
‘041 (1) 
“040 (1) 


er cent of the monoclinic K, Ba feldspar the 
ratio of SiO,: Al,O,: RO=5°60: 1:03: 1, which gives no simple 
formula if we regard it as a homogeneous mineral. 
ever, we regard it as composed of a potash feldspar K,A1,Si,O,, 


If, how- 


,Al,Si,O,, we 


have left SiO,: Al,O,: BaO=-167 : 041 : -040, almost exactly 


4:34, 


Al,O; cece q 
i 
A 
i 
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Our knowledge of the barium feldspars is confined to analy- 
ses of the mineral from a few localities. For the sake of com- 
parison we quote the following: 


I. Binnenthal, Switzerland, analysis by Stockar-Escher.* 
II, Jakobsberg, Sweden, analysis by L. J. Igelstrém.+ 
III. Unknown locality, analysis by Pisani.} 


If. III. 
Ratio. Ratio. Ratio. 
52°67 "878 53°53 55°10 ‘917 
21°12 "205 23°33 *226 23°20 *225 
45 ‘003 
“46 008 } 1°83 033 } 
04 001 | 3°23 ‘081 D6 014 | 
15°05 ‘098 7°30 047 | 7°30 ‘048 
2°14 7°45 120 | 
7°82 "083 11°71 1°25 J 83 ‘009 J 
3°72 
99°88 99°10 100°44 


The ratios in the three analyses are as follows: 
Si0,: Al,Os RO 


I, °205: 224=—4: 0°93: 1°02 
IT. °892; -226: 253=4: 1°01: 1°13 
IIT. ‘917: 225: 224=4: 0:98: 0°98 


All of these analyses have a ratio of SiO,: Al,O,: RO=4:1:1 
and a formula RAI,Si,O,,; but one thing is very noticeable, 
that in all, the RO is very variable. In I, which is that of the 
purest hyalophane, the ratio of BaO+(Ca, Mg)O : K,0+Na,O= 
1:1, and some have proposed that the feldspar is a mixture of 
K,A],Si,O,, and a Ba feldspar like anorthite, BaA1,Si,O,, simi- 
lar to Tschermak’s theory for the plagioclase feldspars. If, 
however, [I and III are to be referred to hyalophane, we can- 
not accept this last hypothesis, but must accept for the formula 
of the species RAJ,Si,O,,, R=Ba, Ca, Mg, K,, Na,,. 

Going back to our own analysis, it seems best to regard the 
feldspar as a mixture of 35°23 per cent of albite, 51°15 per cent 
of orthoclase and 13°17 per cent of hyalophane, BaAl],Si,O.,. 
‘The two latter are monoclinic, and have either grown together 
as isomorphous mixtures or, if in any other way, the optical 
properties are such that the relation to the two minerals can 
not be told. It must be noted also that in making this suppo- 
sition it is necessary to regard the hyalophane as a pure barium 
feldspar; we see, however, no other way to interpret our analy- 
sis. If we regard our barium feldspar as united with potash 
to form a hyalophane like that from the Binnenthal, then the 
excess of potash cannot be united with Al,O, and SiO, to form 


* Kenngott, Uebersicht der Min. Forsch., 1856-57, p. 107. 
+ Bull. Soc. Min. de France, vi, 139. 
$ Bull. Soc. Min. de France, i, 84. 
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any simple compound, while the supposition which we have 
made gives ratios which are very simple and exact. 


8. A very pure magnesia mica, phlogopite, from Edwards, 
St. Lawrence Co., N. Y. 


Our attention was first called to this mineral by Mr. C. D. 
Nims of Philadelphia, N. Y., who had obtained it from the 
tale mines in Edwards. Later one of us,* while making a 
mineralogical excursion in St. Lawrence Co. under the auspices 
of the U. 8. Geological Survey during the summer of 1887, 
visited the locality and was generously supplied with material 
by Mr. T. J. Hooper, superintendent of the Anthony Mine of 
the Adirondack Pulp Co. 

The mineral occurs filling a narrow seam or vein associated 
with tremolite and the pure white tale which is extensively 
mined in that region. It occurs in large plates, without regular 
crystalline outline except an occasional hexagonal marking, 
which are more or less bent and intergrown. The cleavage is 
not quite as good as in most micas, being more like that of 
ripidolite ; the folia are elastic when very thin but thicker 
folia, over 0°1™, crack and break quite readily in three direc- 
tions parallel to the fracture figure. Thin plates of the mica 
appear perfectly clear and colorless ; plates 2™" thick and over 
have a very delicate sea-green color, thick pieces being exceed- 
ingly light colored and transparent, for a mica, in the direction 
of the vertical axis. The six-rayed fracture figure (Schlag- 
Jigur, German) and the pressure figure with rays at right 
angles to it are obtained by driving a steel point into the plates 
or pressing with a steel rod with rounded end against thin 
plates on an elastic support. The optical properties are not 
constant, even in the same plate. In convergent polarized 
light many pieces give a uniaxial interference figure, but 
usually the dark cross opens into hyperbole always showing a 
small optic axial angle ; this was not measured because it was 
so variable. The plane of the optic axes is the plane of 
symmetry, parallel to one of the rays of the fracture figure, 
making it a mica of the second kind. The double refraction 
is negative. 

Before the chemical analysis or any tests were made the 
nature of this mineral was questionable, such minerals as 
brucite, a highly crystallized variety of tale or a light colored 
ripidolite, suggested themselves rather than mica. 

The specific gravity of the mineral was taken very carefully 
on the chemical balance, after boiling, to expel any air from 
between the folia, giving 2°793 and 2°791. The following 
analysis is by Mr. Sperry: 


* Penfield. 


4 
4 
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I Il. Mean. Ratio 
44°82 44°81] 44°81 T47 
[een 10°84 10°90 10°87 106 
35 28 31 004 
28°91 28°89 28°90 722 
8°33 8°47 8°40 089 
3 “46 38 006 
5°44 5°41 5°42 *301 
Loss at 100° _... ‘98 "94 

100°13 


The analysis shows that the mineral is essentially a phlogo- 
pite but no relation between the constituents can be detected 
which can be expressed by a simple formula. Comparing it 
with other analyses, especially the recent ones given in Tscher- 
mak’s article “ Die Glimmergruppe”* we notice that it has 
about the same percentage of SiO,, MgO and K,O, less Al,O, 
and Fe,O,, the latter we expect from its unusually light color, 
more H,O and no fluorine, which is a little surprising as all 
previous analyses have shown from 0°8 to over 4°0 per cent 
of F 

If we seek out in our analysis the molecules which Tscher- 
mak regards as characteristic for the micas, 


K = Si,Al,K,O,, ratio of SiO,: Al,O,: K,O = 2:1:1 
and M=Si,Mg,,0,, ratio of SiO,: MgO = 1:8 


24 


we find that they are present in the following proportion 
together with a residue. 


K. M. Residue. 
Ratio. Ratio. Ratio. 
SiO,. 12°72 (2) SiO. 21°77 (1) 10°32 (1) 
10°87 +106 (1) FeO -004) (9) 5°28 298 (2 
K,0. 840 -089} MgO 28°90 lossat 100° 96 -053 
Na,O 38 006} 
LiO. -08 -003 50:98 16°56 


H,0O. ‘14 -008 


32:59 

We find that there is 32°59 per cent of the K molecule in 
which the protoxide is almost wholly K,O, a little Na,O, Li,O 
and H,O being required to make the ratio 2:1:1. The M 
molecule is a very pure magnesia silicate while the 16°56 per 
cent of residue is a very pure ortho silicic acid H,SiO,, or if 
desired Si,H,,O,, with the ratio of SiO,: H,O = ‘172: 346 = 
1:2°01. It is necessary here to include the H,O which was 
lost at 100° C., the analysis being made on air-dry powder. 
The phlogopites contain more acid than the ordinary micas 
which are made up of mixtures of the K and M molecules. 


* Zeitschr. Kryst., iii, 143. 
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Tschermak regards this excess of aci@ as comprised in the 
molecule § = 8i,,H,O,, or the fluorine compound Si,,O,F.,,. 
The ortho-silicate which we find in this analysis, however, 
H,SiO,, seems a more natural compound to be associated with 
the other ortho-silicate molecules K and M. 

If we do not follow Professor Tschermak in discussing the 
results of our analysis, as we have done above, we can detect a 
certain relation between the constituents. By taking one- 
seventh of the SiO, in the above ratio as unity we obtain 

SiO, : AlsOs : (Mg, Fe)O: (K, Na, Li),0 : H,O 

7: 099: 680 : 092 : 331 

and if the excess of the H,O above 3:00 is regarded as replac- 
ing MgO and K,O, the ratio would be almost exactly whole 
numbers. This ratio and the composition of the mineral ma 
be expressed by the somewhat elaborate formula H,K,Mg,Al, 
Si,O,,. The acid radical Si,O,, shows that the mineral is an 
orthosilicate, while the following percentage composition cal- 
culated from the above formula shows how closely it corre- 
sponds to the results of the analysis: 


Sid. MgO K.O H,O 
Theory .... 4416 10°83 29°44 9°89 5°68 = 100°00 
Analysis... 44°81 10°87 29°06 9°25 6°38 = 100°37 


The above analysis is like the original in our article except 
that the FeO has been calculated to an equivalent of MgO and 
the Na,O and Li,O to an equivalent of K,O. Although it will 
not do to make any general statement regarding the chemical 
composition of phlogopite from one single analysis we offer 
the above results as a contribution to. the chemistry of the 
micas, feeling assured that they are derived from exceptionally 
pure material. 

In closing, we wish to express our thanks to those persons 
who have assisted us in our work by furnishing the material 
for carrying on these investigations, and whose names have 
been mentioned in our article. 


Mineralogical Laboratory, Sheffield Scientific School, 
July 19th, 1888. 
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Art. XXXV.—On the Absorption Spectra of certain Blue 
Solutions. (From Spectro-photometric Determinations by 


Mr. F. B. PrtcHer.) 


[Contributions from the Physical Laboratory of Cornell University. Communi- 
cated by Edward L. Nichols.] 


IT. 


BLUEs and violets obtained by absorption in pigments and 
solutions, differ in several respects from those colors which 
approximate in hue to the longer wave-lengths of the spec- 
trum. They are much less completely saturated, as a rule, 
and they show irregularities of composition, not commonly 
met with in absorption reds and yellows. 

It is an easy matter, for instance, to find reds the absorption 
spectra of which show no rays lying beyond the D line, but 
blue solutions transmit all the wave-lengths of the visible 
spectrum in considerable quantity; so that an attempt to iso- 
late a pure absorption blue, by increasing the density of the 
solution or the thickness of the absorbing layer, or by dimin- 
ishing the intensity of the light traversing the latter, results in 
the extinction of the shorter wave-lengths along with those 
lying in the green, yellow and red. It is moreover a matter of 
common knowledge among spectroscopists that the absorption 
spectra of very many blue substances, possess a more or less 
prominent red band, with indications frequently of selective 
absorption in other regions. 

In view of the fact that precise knowledge of the distribu- 
tion of energy in the visible spectra of this class was almost 
entirely lacking, our acquaintance with them being for the 
most part confined to what may be learned by inspection, it 
seemed of interest to submit the solutions of certain charac- 
teristic substances of the class in question, to a spectro-photo- 
metric analysis. This has been done, under the writer’s diree- 
tion, by Mr. F. B. Pitcher, from whose Thesis upon this subject 
the measurements to be described in this paper have been taken. 

Mr. Pitcher’s method differed in few important particulars 
from that employed by the writer in his “ Spectro-photometric 
Study of Pigments,” already described in these pages.* The 
spectro-photometer was one of Glan’s pattern, in which the 
very ingenious, but far from sensitive, polarizing apparatus 
had been removed ; its place being supplied by a pair of Nicol’s 
prisms before the slit. To the right hand of the spectroscope 
slit and distant from the same about 60, was placed the com- 
parison flame, an Argand gas burner. Its rays, having been 
rendered parallel by passage through a lens of short focal 
length, passed through the two Nicol’s prisms already referred 


* This Journal, vol. xxviii, p. 342. 
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to and entered the lower half of the slit, after total reflection 
in a pair of small right-angled prisms. At a somewhat greater 
distance to the left of the slit, was placed a similar Argand 
burner without a condensing lens ; its rays entering the upper 
half of the slit through another pair of reflection prisms. 
Between this second flame and the slit was a cell with faces of 
plane-parallel glass, within which were placed the solutions to 
be studied. The layer of liquid thus interposed was 1™ in 
thickness. Figure 1 shows the arrangement of these four re- 
flection prisms. In this excellent device, which 
is due in part to Crova, the edges of the inner 
prisms are in contact with each other and with 
the slit. The spectra of the two sets of rays, 
thus introduced into the collimator tube, appear 
therefore with sharply defined adjacent bound- 
aries, separated only by a black line. Corre- 
sponding wave-lengths are in the same vertical 
plane and it only remains to isolate in turn the 
various regions to be compared, by means of an 
adjustable diaphragm in the eye-piece, and to 
bring the two spectra to equal intensity, in each 
region successively, by means of the Nicol’s 
prisms. 

In its complete form, this type of spectro- 
photometer should have two sets of Nicol’s 
prisms. One pair in the path of each ray, the 
inner Nicol of each pair being fixed with its plane of polari- 
zation parallel to the slit. This arrangement is advisable when- 
ever the brilliancy of the ray under investigation is considera- 
ble; and it becomes necessary whenever in any region the 
intensity exceeds that of the corresponding portion of the 
comparison spectrum. 

The instrument in such a case possesses the advantage of 
complete symmetry. The two rays are reflected the same 
number of times and at the same angles. They enter the col- 
limator tube polarized in the same plane, and throughout their 
entire passage to the eye they suffer precisely similar treatment. 

There are, however, a great many cases, notably in the study 
of the light reflected by pigments, and of absorption spectra, 
where the transmitted ray suffers marked diminution, in which 
the loss by polarization is such as to render advisable the re- 
moval of the second pair of Nicol’s prisms. This may be 
done, whenever it becomes necessary, in order to obtain the 
requisite brightness of all parts of the spectrum, as in the case 
of the measurements now under consideration, without sensibly 
Vitiating the accuracy of the determinations. 

The instrument having been arranged in the manner already 
described ; the glass cell was placed in the path of the rays 


| 
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from the second Argand, and the intensity ratio between the 
spectrum thus transmitted and that of the comparison flame 
was obtained for nine regions, lying between the A line and 
the G line of Fraunhofer. 

The wave-lengths of these regions, were as follows: 


Wave-length. 


These readings afforded a correction-factor for each region of 
the spectrum, by means of which the selective absorption due 
to the glass cell and the condensing lens could be eliminated. 

Solutions were then made of a number of blue pigments. 
Three of these were of known composition, namely, Prussian 
blue, artificial ultramarine and indigo. Five others were com- 
mercial preparations of “bluing” of unknown composition. 
These were included in the list, at the writer’s suggestion, for 
the purpose chiefly of testing the applicability of the spectro- 
photometric method to the detection of such coloring matters 
as are not amenable to the ordinary spectroscopic analysis. 

The strength of the solutions was so chosen in each case as 
to show decided color, and at the same time to transmit easily- 
measurable quantities of light throughout the spectrum. The 
results were indicated by means of curves, wave-lengths being 
taken as abscissee, percentage of light as ordinates; that trans- 
mitted by the empty cell in each region being taken as unity 
for that particular region. 

Figure 2 shows the curves thus obtained for ultramarine 
(curve a), indigo (curve 6) and Prussian blue (curve c). The 
exhibit the nature of the selective absorption excited by eac 
solution upon the rays traversing it. The horizontal line at the 
top of each diagram may be considered as representing the 
brightness of the spectrum of the rays passing through the 
empty cell, as compared with that of the light transmitted by ° 
the solution under investigation. Vertical distances from that 
line to the curve measure the degree of absorption in each por- 
tion of the spectrum. Each curve is characteristic of the solu- 
tion to which it pertains and, in so far as the number and posi- 
tion of the maxima and minima are concerned, it is inde- 
pendent of the strength of the solution. 

These results afford an excellent illustration of the use of 
the spectro-photometer in the location of absorption bands not 


Region. 
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sufficiently marked to be identified by ordinary inspection, and 
in the detection of regions of maximum brightness in spectra 
which to the unaided eye do not exhibit any such peculiarity. 

The measurement of the five commercial blues gave curves, 
which approached so nearly to those obtained in the case 
of the three pigments already mentioned, as to leave no ques- 
tion as to the nature of the substance to which each of them 
owed its color. Indeed the ease and certainty with which the 
pigment could be identified was such as to warrant the belief 
that by the use of this instrument a large number of absorption 
spectra, which are quite beyond the reach of the spectroscopic 
methods now in vogue, may be identified with the same degree 
of certainty which now attends the recognition of blood or 
chlorophyl. To this end the first step must be the careful deter- 
mination of a large number of characteristic curves pertainin 
to the various solutions to which the method is to be extended. 
This having been properly done, the identification of solutions 
in which selective absorption takes place to a measurable extent, 
will be in most cases a comparatively simple matter. 

Mr. Pitcher’s experiments were also extended to two inter- 
esting solutions in which the addition of an alkali produces a 
change of color. These, which represent quite distinct classes, 
were litmus solution and the 
sulphate of copper. The re- 
sults are shown in figures 3 
and 4. The litmus solution 
was taken in its three charac- 
teristic conditions, acid, alka- 
line and neutral. The acid 
solution (figure 3, curve @), 
is marked by almost com- 
plete transparency to rays of 
the regions between B and , 
C, and to slight minima in 
the neighborhood of the D 
line, and just beyond F. 
The addition of ammonia, 
until the well known color- 
change indicative of neutral- 
ity took place, brought about 
a modification of the curve 
to the form shown in curve 
e. The bright region in the 
red disappeared ; the absorp- 
tion in the yellow was in- 
creased, and the brightness , 
of the remainder of the spec- 
trum was diminished, by 
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about one half. The addition of ammonia, to the extent neces- 
sary to produce the color-change denoting alkalinity, further 
widened and deepened the absorption band in the yellow and 
increased the absorption throughout the entire spectrum. The 
diminution in intensity was greater in the red, however, than 
in the regions lying beyond the great absorption band. 

For the determination of the influence of ammonia upon 
copper sulphate, a concentrated solution of the salt was pre- 
pared and its curve obtained by the method already described. 
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This solution when viewed by transmitted light, in a layer 

only one centimeter in thickness, shows but feeble color,: and 

the intensity curve (figure 4, curve g), indicates but little ab- 

sorption excepting in the extreme red. Noteworthy is the 

well-marked maximum between the E and F lines and the rela- 

tively large amount of absorption in the violet. e 

The addition of ammonia was found to produce strong ab- 4 

sorption throughout the orange and yellow, the minimum cor- 

responding in position with that observed in the case of alka- 

q line litmus (curve 7). Beyond the point of maximum, between 

E and F, in the curve of the neutral salt, the ammonio-sulphate 

' had become almost completely transparent, with just a trace 

remaining of the small absorption band lying beyond the F line. 
(See curve 

The almost untouched domain of the spectro-photometric 

investigation of absorption spectra is an extensive one and by 

no means devoid of interest. The writer hopes ere long to 


add to the present contribution, studies of some of the aniline 
colors and of the influence of acids and alkalies upon the 


spectra of the so-cailed “ color-test” solutions. 
August 1, 1888. 
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Art. XXXVI.—An Instrument for Demonstrating the 
Laws of Transverse Vibrations of Cords and Wires; by 
GEORGE S. A.B., B.M.E. 


[Contributions from the Physical Laboratory of Cornell University. Communi- 
cated by Edward L. Nichols.] 


THIs piece of apparatus was designed to meet a want, felt 
in the laboratory, for an improvement over Melde’s method of 
producing transverse vibrations of cords and wires. 

It seemed desirable to produce a cireular vibration which 
would appear of the same amplitude when viewed from all 
sides and which could be maintained for an indefinite length 
of time; so that the proper adjustments of length or of tension 
could be made while the cord was in motion. It also seemed 
desirable to maintain a constant rate of vibration when cords 
are used which offer more or less resistance to the motion. 

The general arrangement of the apparatus is shown in figure 
1. To produce the circular vibrations the cord is attached to a 
crank of small throw, which is kept at a constant but high 
rate of speed by means of a regulator. A is the main shaft, 
driven by a belt running over a pulley at B. Upon the crank- 
pin at C is a small block having a hook to which the cords D 
are attached. To prevent the tension of these cords, which 
may sometimes amount to four or five kilograms, from exert- 
ing a pull upon the shaft and thereby greatly increasing the 
friction, a cord is carried from the box E to the block C through 
holes in each end of the latter and back to the box E; then to 
a tightening pin F as shown in figure 2. This device allows 
the block to move freely and easily under the largest loads. 

At G is a pinion which drives another shaft with a similar 
erank and block. On this shaft is a spring which holds the 
wheel H in line with the pinion. This wheel is fastened to a 
slotted sleeve which, when it is not desirable to drive both 
cranks at the same time, can be moved, by compressing the 
spring, until it slides past a pin in the shaft. A turn of the 
sleeve then holds the wheel in a position where it will not en- 
gage with the pinion. 

‘rom these cranks the cords are carried, as shown in figure 
5, to two movable blocks which can be clamped at any desired 
position upon the base of the instrument. These blocks carry 
small pulleys over which the cords pass, the ends of each cord 
being fastened to a scale pan and the proper tension secured 
by the use of weights. 

A cord one meter long is commonly used, but the apparatus 
works quite as well with shorter or indeed with much longer 

Am. JOUR. ee Series, Vout. XXXVI, No. 215.—Nov., 1888. 
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cords. By carrying a cord as far as I conveniently could, a 
distance of thirty-four feet, and adjusting the tension, I ob- 
tained twenty-five well formed segments 

The regulating device is an electrical governor, shown at I 
figure 1, but more in detail in figure 3. The lever J is pivoted 
at K and whenever the speed exceeds a certain amount it is 
pulled outward with sufticient force to bend the spring L and 
make contact with the insulated wire M. The speed at which 
this oceurs is regulated by altering the tension of the spring 
by means of the screw N. The contact points are of plati- 
num. The insulated wire runs out through the hollow shaft 
to the binding post O, thence to the electro-magnet P and 
the battery. The other pole of the battery is connected with 
the frame of the machine. The armature of the electro-mag- 
net is attached to a lever Q (fig. 4), and upon the other end of 
the lever is a leather pad, which is brought into contact with 
the wheel whenever the circuit is closed. The friction thus 
produced reduces the speed until the contact breaks when the 
speed again increases and closes the circuit. The delicacy of 
this device is such that these variations of speed are imper- 
ceptible. 

By driving two cords from the same crank a very accurate 
secondary speed regulation was obtained. For this purpose a 
cord of considerable mass was made use of, with tension such 
as to cause it to vibrate in a single segment. The shaft was 
driven by means of a small turbine motor, capable of any 
speed up to seven thousand revolutions per minute. When the 
vibrating segment of the heavy cord was once well formed it 
was found that small variations in the motive power made 
themselves felt in swelling or diminishing the amplitude of the 
segment without producing changes in speed, and that it was 
possible to make all necessary adjustments of length or tension 
in the second cord without in any way interfering with the 
uniform motion of the instrument. If, however, the govern- 
ing segment were destroyed in any way the electrical governor 
already described would soon restore the speed to its normal 
amount. The amplitude of the governing segment served 
likewise as a delicate indicator of the condition of the motive 
power, excess of power causing a swelling out of the segment 
to large diameter, and diminution of power showing itself by 
decrease in the amplitude of vibration. 

By means of this apparatus all the laws demonstrated in 
Melde’s experiment may be verified. The following is the 
record of a single set of observations made to test the working 
of the instrument. 

The cords used were of braided silk, measuring *55™™ in di- 
ameter. Four strands of this size were taken for the control- 
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ling cord. This was attached to the crank of the main shaft 
and with a load of 25 kilograms gave a speed of 4986 revolu- 
tions, as a mean of four consecutive determinations; the 
greatest variation from the mean being 10 revolutions, which 
error lies within the limit of accuracy of the determination. 
At this speed the controlling cord was formed into a single 
segment having a diameter of about 8°. 

‘During the first half of the experiment, in addition to the 
controlling cord, a single cord was used. It was then replaced 
by four strands and finally by a single cord driven from the 
second crank. 

Now if N be the number of vibrations per unit of time, L 
the length of the cord, m the number of segments and V the 
velocity of transmission of an impulse transmitted to the cord, 
we have the familiar formula expressing the transverse vibra- 
tions of flexible cords; 

n ~~, 
R= oT, 


If P is the tension of the cord, s its cross section and d its 
density: we shall have 


Finally if A is the wave length, 


9 
A= 

n 


P n 
and 
~ N2L’ 


In the following table the single set of observations already 
referred to are given, for the purpose of exhibiting the per- 
formance of the apparatus under variations of cross section, 
length, speed and tension. The results agree quite closely, 
obtained as they were from a single determination of each 
quantity, and they show the application of the apparatus to the 
demonstration of the laws embodied in the general formula. 

A very interesting form of vibration is obtained by stretch- 
ing a cord at 45° with the line of the shaft. The crank then 
gives a longitudinal impulse and a transverse impulse at the 
same time; the longitudinal impulse being an octave lower 
than the transverse. The cord thus has a resultant motion in 
which its vibrations as a whole and in two segments are plainly 
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TABLE. 
| | | Square | 
| Rate of | Number —— of | Constant 
Observa- Length. | Vibra- of | Grams. | Tension. | 
tion. | ~ tion, Segment.) “p 
| oN. n. | vP | NL sd 
No 1] 1 | 2 1 627° 2504 | 12°52 
“ 3 = 1 | 2 2 162° 12-70 | 12°70 
“ 3 | 3 74° 860 | 12°90. 
“4 ae 1 2 4 | 41 640 | 12°80 
No. 6) l 2 627° | 25°04 | 12°52 
“ 3 2 1 | 266° 16.30 | 12°22 
2 | 1 _ #166 | 1290 | 12°99 
No. 9 1 | 2500° | 50°00 12°50 
1 | 2 2 | 625° | 2000 | 12°50 
“ 2 3 | 280° | 16°70 | 12°52 
1 | 4 158 | 1260 1260_ 
No. 13 1 1 1 166° | 12:90 | 12:90 
14 1 | 1 2 41° | 6-40 12°80 
1 l 3 | 18 | 420 | 12°60 
1 1 | 95 310 | 12°40 


visible. By interposing a long narrow slit between the cord 
and a strong light, a single point may be illuminated, which 
when the cord is in motion, traces in the most beautiful man- 
ner, by persistence of vision, the path of that portion of the 
vibrating segment. By the use of a series of parallel slits any 
number of such illuminated paths may be made visible at 
once, bringing out the character of vibration of the entire 
segment with an indescribably striking effect. The curves 
followed by the illuminated points are Lissajou’s figures and 
kindred forms. The regulation attained by means of the con- 
trolling cord is so excellent that it was found possible to photo- 
graph the curves with an ordinary dry plate. During an ex- 
posure of three minutes the changes in the form, size and 
position of the illuminated cross-section of the vibrating seg- 
ment were not such as to ruin the picture. 

The behavior of the vibrating cord as a controlling device is 
such that it seems possible to use it to advantage as a means of 
=". uniform motion in chronographs and similar instru- 
ments. Its length or tension could be adjusted without stop- 
ping the apparatus and any desired rate of speed could be thus 
obtained without interrupting the work which might be in 
progress. 


June 2, 1888. 
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Art. XXXVII.—Rhetic Plants from Honduras; by J.S8. 
NEWBERRY. With Plate VIII. 


In 1886 Mr. Chas. M. Rolker, a mining engineer and 
raduate of the School of Mines, brought from San Juancito, 
Tonduras, among other geological specimens, a piece of meta- 

morphosed shale containing several impressions of the fronds 
of cyeads. As no Mesozoic fossils had before been found in 
this region the discovery interested me much and I have since 
made earnest efforts to obtain other specimens from the same 
locality. Mr. Rolker kindly seconded these efforts and wrote 
to Mr. T. H. Leggett, E.M., who was located at San Juancito, 
giving him all the information he possessed in regard to the 
locality where the fossils were found, and soliciting his codpera- 
tion. This was cordially granted, with interesting results. 

The specimen brought by Mr. Rolker was a loose piece 
picked up on the surface and nearly two years passed before 
its place of origin was ascertained. In January last I received 
a letter fron Mr. Leggett announcing the discovery of the 
plant beds and the shipment to me of a box of fossils. These 
were exhibited at a meeting of the N. Y. Academy of Sciences 
on Jan. 30, 1888, and were briefly described in the Transac- 
tions of the Academy, vol. vii, p. 113. Since that time Mr. 
Leggett has returned to New York bringing another box of 
fossils from the same place, among which are some additional 
species. 

From the notes furnished me by Mr. Leggett it appears that 
the plant beds of San Juancito form part of a series of argilla- 
ceous shales now converted into hydromica schists several 
hundred feet in thickness. Below these, limestones crop out 
which. are said to contain Carboniferous fossils, while above 
them are heavy masses of eruptive rock. The plant-bearing 
shales are much disturbed and metamorphosed, and are cut by 
a series of silver-bearing veins which have been worked for 
many years with considerable success. The outcrops which 
contain the plants are much decomposed and few good speci- 
mens have been obtained from them, but the number of species 
represented is large and it is evident that further excavation 
would result in the accumulation of much interesting material. 

The age of the deposit as indicated by its plants is plainly 
Upper Triassic and the flora as a whole has a great resemblance 
to that of the coal-bearing strata on the Yaki river in Sonora, 
Mexico, described by me in the Report of the San Juan Ex- 
ploring Expedition, and to that described by Schenk in Die 
Fossile Flora der Grenzschichten des Keupers und Lias 
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Frankens and to Nathorst’s Florau vid Bjuf; a number of 
the species being identical and others closely allied. 

The localities nearest to Honduras where fossils indicative 
of Triassic age have been before discovered were in Sonora, 
Mexico, 2000 miles north, and in the Andes of Peru, where 
Triassic rocks were found by David Forbes, 2000 miles south. 
The plants contained in the collection made by Mr. Leggett 
are here briefly described : . 


Zamites (Pterophyllum) Rolkeri Newb. Figs. 1, 2. 


Frond a foot or more in length by two inches in width ; 
rachis chaffy ; pinnules diverging from the midrib at an acute 
angle, alternate, closely set, attached by the entire breadth of 
the base to the upper surface of the midrib, which they com- 
pletely cover; summit rounded or blunt-pointed ; nerves fine, 
parallel. 

This plant has the general aspect of those described by Heer 
in the Flora Arctica, vol. iii, Pl. xtv, Xv, XVI, under the names 
of Zamites speciosus, Z. borealis and Z. acutipennis, and 
should be placed in the same genus. It also still more closely 
resembles Pterophyllum Nerbuddaicum Feistmantel (Flora 
of the Jabalpur Group, p. 14, PI. v1, figs. 9, 9a), and “ Zamites 
obtusifolius” and “ Pterozamites gracilis” of Emmons (Amer. 
Geol. Rt., vi, p. 118, 119, figs. 85, 86). 

It is evident that all these plants should be separated from 
Zamites it Z. Feneonis Brongt. be taken as a type of that 
genus. And they cannot be included in Pterophyllum if, 
with Schimper and Schenk, who have given us the latest and 
best classification of fossil cycads, we restrict that name to 
those in which the pinnules are set at a right angle with the 
rachis and are connate at their bases. Some writers would put 
them in Ctenophyllum and they are certainly closely allied 
to the group of cycads typified by Pterophyllum pecten of 
Lindley and Hutton (now Ctenophyllum), but have little in 
common with the gigantic Ctenophyllum grandifolium of Fon- 
taine (Older Mesozoic Flora of Virginia), in which the pinnules 
are set on the side of the rachis, have the bases dilated and are 
sometimes a foot in length by half an inch in width. 


Zamites ( Otozamites) Leggetti Newb. Figs. 3, 4. 


Fronds linear, one and a quarter inches in width by eight to 
ten inches in length; pinnules alternate, crowded, set on the 
upper side of the rachis, their bases meeting above, closely 
approaching below; in form they are oblong or linear, ob- 
liquely rounded above, sometimes slightly rounded at the base ; 
nerves fine, radiate below, parallel above. 
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This plant, like the preceding, was briefly characterized in 
the Transactions of the New York Academy of Sciences, vol. 
vii, p. 114. It differs from Z olkert in its shorter and 
broader pinnules and in its nervation, which is partly radiate. 
Better specimens than any yet obtained are needed before a 
complete description of it can be written, or its generic rela- 
tions be accurately determined. Some of the pinnules appear 
to be attached by the entire base, while in others the attach- 
ment is only by the central portion and the nervation is more 
distinctly radiate. Like the preceding species it is only referred 
to Zamites provisionally, and it is almost certain that they will 
ultimately be assigned to different genera. 

In general aspect this and the preceding species closely 
resemble Pétilophyllum acutifolium and Pt. Cutchense Morris, 
Fossil Flora of India, but are distinctly separated from them 
by the mode of attachment and the nervation. 

It is evident that still another review of fossil cycads is 
needed although we have had so many already, but this is no 
place for it and it will be sufficient for our present purpose to 
refer the plants described above to Zamites, as Heer has done 
those with which I have compared them, leaving their final 
generic titles to be decided hereafter, by the study of more 
complete specimens. 

Otozamites linguiformis, n. sp. Figs. 9, 10. 

Fronds strong ; rachis striate; pinnules one to two inches in 
length by half an inch in width, crowded, sometimes overlap- 
ping; below issuing from the rachis at right angles, above 
obliquely; outline long-tongue-shaped ; summits evenly rounded, 
bases unequally cordate, attached by a single point at the 
center; nerves numerous, fine, simple or forked, radiating 
from the center of the base to all parts of the margin. 

This handsome species is allied to, though quite distinct 
from, Otozamites Macombii N. from the Upper Triassic rocks 
of Sonora, Mexico. (Report of the San Juan Expedition, p. 
141, Pl. rv, figs. 1, 2). In that species the pinnules are broader, 
are abruptly rounded or truncated at the summit, and on the 
lower part of the frond are quadrate ; while the corresponding 
pinnules of the plant now described are oval. Some of the 
upper pinnules are set obliquely on the rachis, are long-ellip- 
tical in outline, slightly curved or sigmoidal, are obliquely 
rounded at the base and attached by a single point, thus con- 
forming strictly to the definition of Glossozamites Schimper, 
and serving as a connecting link between that genus and 
Otozamites. Whether the rachis in our plant is furrowed as 
in the type species of Glossozamites (G. Zittelli Schenk) is 
not certain, but apparently it is so. Figure 10 represents one 
of the longer pinnules detached. 
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Taeniopteris glossopteroides Newb. 


Frond simple, six to twelve inches in length by one and a 
half to two inches in width, spatulate in outline, summit sub- 
acute, base long-wedge-shaped, the median nerve strong and 
smooth, the lateral nerves relatively sparse and distinct, fre- 
quently forked at base, more rarely above, the branches some- 
times approaching, forming elongated areoles but never inos- 
culating. 

This species was first obtained from Sonora, Mexico, and was 
described in the San Juan Report, p. 147, Pl. vit, fig. 2a. By 
an error of the draughtsman the lateral nerves were represented 
as inosculating, but recent observation has shown that they do 
not join. Owing to this error another plant was confounded 
with this, which strengthened the misapprehension in regard 
to its nervation. This latter plant is shown in fig. 2 of the 
plate cited, where it is given a strong midrib, though it had 
none, unless toward the base; but has a distinctly reticulated 
nervation. It therefore belongs to Feistmantel’s genus Gan- 
gamopteris and I have called it G. Americanus.* The plant I 
have named Zaeniopteris glossopteroides is represented by a 
number of specimens in the collection of Mr. Leggett, but 
unfortunately owing to the weathering of the rock they do not 
show the nervation well. The lateral nerves from base to 
summit leave the midrib at an acute angle, generally arching 
with a gentle curve to the margin, but sometimes nearly 
straight. They are often forked near the base, more rarely 
above, sometimes running near together, but apparently never 
join. This nervation is just that of Zaeniopteris murantacea 
Pres (Pecopteris macrophyllum Brongt., Stangerites maran- 
tacea Bornem), a plant made the type of his genus Danaeopsis 
by Heer; but in that plant the frond is pinnate, in ours it is 
symmetrically spatulate, gradually narrowed to the base, and 
was undoubtedly simple. In all the characters shown in the 
specimens before me this plant comes nearest to the group of 
Permian species to which Schimper restricts the name of 


* The distinction between Gangamopteris and Glossopteris is not quite as clear 
as it might appear from a comparison of the specimens figured and described by 
Feistmantel in his Flora of the Talchir-Karharbari Beds; the diagnostic character 
of Gangamopteris, the absence of a midrib, being variable, as shown in his 
Glossopteris decipiens (op. cit., p. 17, Pl. xvin, figs. 3-5), in which the midrib 
fades out in the upper part of the leaf. This I find also to be true of a number 
of Australian specimens in my possession. These include many leaves of small 
size having the spatulate outline and rounded summit of G. Browniana, and 
labeled as such, and others, much larger, of G. ampla Dana. Both these forms 
show a midrib only near the base, and have a nervation but sparingly reticulate. 
with elongated meshes. Other specimens representing Dana’s G. elongata and G. 
reticulum (Geol. U. S. Exploring Expedition Atlas, Pl. xm, figs. 2, 3, 4) have the 
midrib persistent to the summit and the nervation strongly reticulate throughout. 
These two forms might stand for Gangamopteris and Glossopteris if to the former 
genus a midrib were conceded for part of the length of the frond. 
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Taeniopteris, viz: T. multinervis Weiss, T. Eckardi Germ, 
ete. More and better specimens must, however, be obtained 
from Honduras before the relations of these plants can be 
accurately determined. 


Encephalartos ? denticulatus, n. sp. Fig. 5. 


Size. of frond unknown, rachis smooth or finely striated 
longitudinally ; pinnules diverging at an angle of about 45°, 
tanceolate, 30™" long by 6™ wide, acute, gradually narrowed 
to the point, abruptly narrowed at the base which is attached 
by its entire breadth ; margins set with numerous, spiny teeth ; 
nerves fine, mostly parallel, somewhat radiate from the base 
and many terminating in the teeth of the margin. 

Of this remarkable cycad only a single specimen has yet 
come into my hands. This is a fragment apparently from the 
middle of a frond showing three complete pinnules and the 
bases of two others. Its general characters are well shown in 
the figure. So far as known this is the first instance of the 
discovery of a cyead with denticulated pinnules in American 
Mesozoic rocks, and among foreign eycads only a group of 
species of Sphenozamites have pinnules with toothed margins. 
It is not uncommon to see this character in living eycads, par- 
ticularly in Encephalartos and Zamia. In the latter genus 
the nerves are parallel and terminate in closely approximated 
marginal teeth or notches toward the upper extremity. In the 
former genus, however, forms occur which are almost exactly 
like those presented by the fossil under consideration, viz: 
fronds bearing pinnules obliquely inserted, contracted at the 
base, lanceolate in outline, having fine mostly parallel nerves 
and margins set with spiny teeth, e. g., Hncephalartos Alten- 
stetnit Lehmann, Cape of Good Hope. This correspondence in 
the form of the pinnules is so close that I felt warranted in 
placing our fossil provisionally in the genus Lneephalartos. 
The fructification will of course be necessary for a demonstra- 
tion of generic identity and has not yet been obtained. 

Only one fossil species of Encephalartos has yet been de- 
scribed and that is £. Gorcetxianus Saporta, from the Miocene 
Tertiary of Koumi, Greece. This has lanceolate, acute entire 
pinnules, two inches long, somewhat constricted at the base 
and slightly decurrent; nerves parallel. It is supposed to 
represent an extinct species of Encephalartos similar to F. 
Lehmani of South Africa, but the similarity between these 
fossil species is scarcely as great as between the plant under 
consideration and #. Altensteinii Lehm., with which I have 
compared it. 
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Sphenozamites robustus, n. sp. Figs, 12-14. 


Frond large, form unknown, pinnules one to four inches in 
length, ovoid or lanceolate in outline, narrowed and thickened 
at the base, pointed at summit, margins entire, thickened ; 
nerves few and strong at base, forking and multiplying above, 
diverging to all parts of the margins, not converging at 
summit. 

Quite a number of pinnules, all more or less imperfect, of 
this remarkable cycad, are contained in the collection brought 
by Mr. Leggett from Honduras. They vary considerably in 
form and size, but present characters which are somewhat at 
variance with those of any other fossil cyecads known, though 
they most resemble those of some species of Sphenozamites. 
They are distinctly wedge-shaped at base, expanding to an 
unsymmetrical ovoid or lanceolate outline above with radiate 
and divergent nerves, which below are few and coarse, above 
very fine. In the larger pinnules the summit is pointed and 
in some cases unsymmetrically acute. If, as seems probable, 
the curvature of the pinnules was toward the summit of the 
frond the general aspect of the plant may have been much like 
that of Sphenozamites Geylerianus Zigno (Flor. Fos. Oolitica, 
vol. ii, p. 107, Pl. xxxrx, figs. 1, 2) only it must have been 
much larger. Fragments of the lower portions of the pinnules 
are not unlike some of the specimens of Podozamites lati- 
pennis figured by Heer (Flor. Fos. Arctica, vol. vi, Pl. xiv 
and xv), but the nerves are not parallel with the margins nor 
dlo they converge at the summit. 

Among other described fossil eycads none seem to approach 
so near to the plant before us as the species of Sphenozamites 
with entire pinnules, and here the resemblance is so close that 
I have felt justified in referring it provisionally to that genus. 


Sphenozamites ? grandis, n. sp. 


Pinnules four inches or more in length, oblong or lanceolate, 
obtuse, narrowed and thickened toward the base, nerves strong, 
straight, simple or rarely forked, part diverging from the base 
to the margins, part running parallel to the upper extremity. 

Of this plant we have numerous fragments in the collection, 
but none of them complete organs. The pinnules-were four 
or five inches in length by an inch in width and are conspicu- 
ous for their clear and strong nervation, which is radiate from 
the base. They undoubtedly represent a large cyead, hitherto 
undescribed, but it will be necessary to have complete pinnules 
to decide whether it should be referred to Sphenozamites, 
Otozamites, or Glossozamites. It must have been much like 
the plant described by Feistmantel (Foss. Flora of the Lower 
Gondwanas, p. 19, Pl. xx, figs. 4, 5) under the name of 
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Glossozamites Stoliczkanus, and should doubtless be included 
in the same genus, but it seems to me very doubtful whether 
that should be the same as that for which G. Zittelé stands -as 
the type. 


Anomozamites elegans, n. sp. Figs. 6-8. 


Fronds narrow, elongate, delicate, from half an inch to one 
inch in width, length unknown; midrib straight and persistent 
but slender; pinnules near base in close contact, as broad as long, 
forming a scolluped margin to the midrib; above subquadrate 
or rhomboid in outline with the lower external angle rounded, 
the upper subacute, produced; nerves fine, simple or forked, 
parallel with the upper margin of the pinnules. 

Among the fossil plants brought from San Juancito by Mr. 
Leggett are a number of narrow fronds with subquadrate pin- 
nules which evidently represent the group of cycads which 
runs through the Mesozoic rocks of Europe, beginning with 
A. minus Brgt.in the Rheetic and ending with A. Schaum- 
burgensis Dunker, in the Wealden. It is perhaps most like 
A. gracilis Nathorst (Sveriges Fossila Flora, p. 43, Pl. x11, 
figs. 4-12), but from this as well as from the other species re- 
ferred to it is distinguishable by the more pointed and pro- 
duced upper angles of the pinnules. Figure 6 apparently rep- 
resents the basal portion, fig. 7, the middle and fig. 8, the 
summit of these fronds. 


Pterophyllum propinquum ? Goepp. 


Frond large, pinnules subalternate, linear, long-pointed, four 
inches in length by one-half an inch in breadth at base, gradu- 
ally narrowed to the acute extremity, springing from the rachis 
at right angles ; base sometimes slightly rounded and narrowed, 
oftener attached by its entire breadth; nerves distinct, simple, 
parallel. 

The specimens I have of this plant are too few and imper- 
fect to make a comparison with the species described by Goep- 
pert entirely satisfactory. The bases of some of the pinnules 
seem to be slightly contracted and with a few divergent nerves. 
If this should be shown by better specimens to be a constant 
character it would bring this plant into Zamites and into close 
relationship with Z. Reneviert Heer, of which the size and 
general aspect must have been very similar. 


Pterophyllum Braunsii ? Schenk. 


Of this plant one complete pinnule and several fragments are 
contained in the collection, but are scarcely sufficient for accu- 
rate determination. It is evident, however, that we have here 
the remains of a species of Pterophyllum or Nilssonia remark- 
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ably like, if not identical with that described by Schenk (Flora 
der Grenzschicten, p. 168, Pl. XL, figs. 2, 3) under the name of 
Pterophyllum Braunsii. The pinnules were attached by the 
entire base, are an inch in width by two and a half inches in 
length, the summit is obliquely rounded, the nervation fine, 
parallei and simple, sometimes dotted as shown in Schenk’s 
figure. 

“A nearly related plant to this is Pt. princeps Oldham and 
Morris (Fossil Flora of the Rajamahal Series, p. 23, Pl. x—x111), 
but our material is too imperfect for the determination of spe- 
cific identity or difference. 


Dioonites longifolius ? Emmons. 


An imperfectly preserved fragment from the middle of a 
frond is all we have of a plant that if not identical with must 
have been very closely allied to that described by Emmons 
(Amer. Geol., Part VI, p. 116, fig. 83) from the Upper Triassic 
strata of North Carolina. . 


Dioonites Carnallianus ? Goepp. 


This plant is imperfectly shown in the collection made by 
Mr. Leggett, but is plainly distinct from any other with which 
it is associated. It evidently belongs to a group of cycads 
which form a marked feature in the Rheetic flora and of which 
Pterophyllum Carnallianum of Goeppert may be taken as a 
type. In this group the fronds are broad, the pinnules very 
long and narrow, attached to the rachis by the entire bases, 


-which are sometimes slightly decurrent, but never expanded 


upward nor connate ; the nerves are sharply defined, but fine, 
simple and parallel. 

More material will be required before the identity of the 
Honduras plant with that to which it is provisionally referred 
ean be asserted. It is, however, a distinct element in the San 
Juancito flora and deserves mention from its relationship with 
the group of Rheetie cycads with which I have compared it. 


Nilssonia polymorpha Nathorst. 


Only a few fragments of this plant are contained in the col- 
lection made by Mr. Leggett, but these are quite sufficient to 
show its distinctness from any other with which it is associated 
and to determine its generic relations. Whether the segments 
of the frond were united, as is usual in /V. polymorpha, can 
only be determined from other collections, but this is not indi- 
cated by the specimens before us; the pinnules being entirely 
distinct and separated. 

Fragments of the species of Anomozamites found with this 
might at first sight be confounded with it, but in these the 
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divisions of the frond are not carried down to the rachis and 
the nervation is much finer. A similar and perhaps an identi- 
cal species of JVilssonia occurs in the Triassic coal basin of 
Sonora, Mexico. 


Noggerathiopsis, sp. 


Among the fossil plants from Honduras, as well as those col- 
lected by Remond in Sonora, are some which perhaps repre- 
sent different genera, certainly different species, but which are 
alike in having spatulate or wedge-shaped leaves several inches 
long, traversed by a fine or coarse parallel nervation. Part of 
these undoubtedly belong to the genus Wéggerathiopsis so 
common in the Mesozoic rocks of Australia and India, but they 
are too imperfect to be satisfactorily identified or described. 
Some of them must have been a foot or more in length, and 
they differ considerably in shape, either expanding rapidly or 
being long and strap like. The nervation is sometimes so fine 
as scarcely to be visible, in other cases very coarse, but exact. 


Several ferns are contained in the collection, but the speci- 
mens are too much weathered and decayed to permit of their 
identification or satisfactory study. All these, with many other 
things of which only fragments have been obtained by Mr. 
Leggett, will doubtless receive attention and elucidation from 
those who hereafter may have an opportunity of studying the 
rich flora which it is the object of this paper to bring to the 
notice of geologists. 

This discovery of a Triassic flora in Honduras is a matter of 
special interest, as nothing of the kind had before been met 
with in that section of the globe; but it is only another illus- 
tration of the uniformity of the vegetation of the world during 
the Triassic age. This uniformity was, however, only a develop: 
ment of the systematic progress of plant life. The reign of 
Acrogens ended with the Permian. The Rhetice epoch was 
therefore about the middle of the reign of Gy mnosperms. No 
Angiosperms were yet in existence, for they began in the 
Cretaceous. Hence, after the decadence of the Ze pidodendra, 
Sigillarie, Calamites and Cordaites, the whole world was 
opened to occupation by the new dy nasty of plants, the Gym- 
nosperms (Cycads and Conifers) and the peculiar group of 
Mesozoic ferns. They lost no time in entering upon their 
promised lard and spread until they covered all portions of 
the, to them, habitable globe. 

Where the Gymnospermous flora originated, or how it was 
developed from the Acrogens, if it was so developed, and 
through the exercise of what elements of superiority it su- 
mn them, we are as yet in ignorance. It is, however, 
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a matter that may well excite our wonder that, migrating 
such immense distances from their places of origin, through 
every phase of soil and climate—through all the zones of 
the Eastern Hemisphere, and now, as we learn from this 
group of Honduras plants, through the New World—they 
marched, holding so firmly to their original group of charac- 
ters, generic and specific, that wherever we open their tombs 
we recognize them instantly as old friends. In their long 
marches some perished by the way, and here and there their 
numbers were recruited by new forms, imported or developed ; 
but the leading members of the troop, in virtue of some occult 
protection against outside influences, preserved almost without 
alteration all the complicated characters of their vegetative and 
reproductive systems. 

We shall look now with eagerness to South America for the 
identification there of this Mesozoic flora, which we have found 
in full development in Virginia, New Mexico, Sonora, and now 
in Honduras. It had before been recognized in Australia— 
where it seems to emerge from the Paleozoic flora and perhaps 
began—New Zealand, ‘India, Tonquin, China, Turkestan, and 
various parts of Europe. 

Hence, with its discovery in South America we shall see it 
reaching as a girdle around the entire globe. This girdle was 
not put around the earth; however, like Puck’s, in forty min- 
utes, but in thousands and millions of years; for when we 
realize with what slowness the migration of plants takes place, 
we must recognize in the universal distribution of the Carbon- 
iferous and Mesozoic floras evidence of the lapse of intervals of 
time of which the duration is simply immeasurable to us. 


Art. XXXVIII.—On the Circular Polarization of certain 
Tartrate Solutions. I. By J. H. Lone. 


THE change in the cireular polarization of a solution of an 
active substance by admixture with an inactive one has been 
studied in several cases. Miintz found, for instance, that the spe- 
cific rotation of cane sugar for a concentration of 208" in 100% 
changed from [a]p) = 66°°5 to [a]p = 66°°3 by addition of 58” 
of NaCl, and to 61°°0 by addition of 20™.¢ 

The same chemist and others have shown the effects of add- 
ing various substances to sugar solutions. In most cases a de- 
crease in the specific rotation was found. 

Under certain circumstances the addition of an inorganic 
substance converts an inactive organic body into an active one, 
as in the case of mannite when in solution with alkalies, weak 
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acids and several neutral salts. Under still other cireumstances 
the rotation of an active body can be very greatly increased by 
the addition of certain inactive ones, as is well illustrated by 
Gernez (Berichte der Deutschen Chem. Gesell., xx, Ref. 251), 
in his experiments on mixtures of tartrates with molybdates, 
arsenates, tungstates, ete. He found, for instance, that the ad- 
dition of NH, MoO, to a solution of tartaric acid increased its 
rotation about fifty times. 

This subject is one of great practical interest as well as of 
scientific importance, and it seemed to me that further investi- 
gation on the rotation of the tartrates must yield results of 
some value. 

The following pages discuss results obtained with solutions 
of Rochelle salt in an investigation begun above a year ago and 
which is still in progress.* 

Apparatus and methods. 


In my experiments I employed a new model Laurent instru- 
ment made by Schmidt & Haensch, and used with this polari- 
zation tubes 200 and 220™™ in length, surrounded by a water 
jacket. The tubes were carefully measured and were found to 
differ so slightly from the given length (less than ‘05™"), that I 
employ the whole numbers instead of introducing a fraction in 
the calculations. By means of suitable appliances the temper- 
ature of the solutions under examination was kept within 0°-2 
of 20°, as shown by a delicate thermometer. In most cases, 
however, this extreme accuracy in the control of the tempera- 
ture was not necessary as the variations caused by change of 
temperature were very small. In each test a dozen or more 
readings were made for each position of the analyzing Nicol, and 
on the two verniers 180° apart. The instrumental error was 
almost inappreciable to begin with, and disappeared entirely 
by taking a mean of all the readings. 

At a temperature of 20° a solution of tartarie acid containing 
158™ in 100° showed a specific rotation [a]p = 13°08. This is 
diminished when the solution contains free mineral acids, and is 
also much diminished when certain neutral salts are added. 
With a solution containing 15° of tartaric acid and 8® of 
sodium chloride I found the specific rotation less than one-half 
as much as before, viz: [a@]p = 6°16. 

If instead of starting with tartaric acid a neutral tartrate be 
taken and various salts added quite different results are ob- 
tained. In the first place, the change in the specitic rotation is 
much less than when the acid is used, and besides this the na- 


* This investigation was begun before the work of Gernez came to my notice, 
and before the publication of recent papers by Landolt (Berichte, 1888, p. 191), in 
which reference is made to the behavior of certain tartrates. A second paper will 
deal with other tartrate solutions. . 
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ture and amount of the change is characteristic of certain 
groups of salts. These points are shown below. 

At the outset I prepared a quantity of pure Rochelle salt, 
sufficient for all experiments contemplated, and determined the 
rotation with five solutions containing exactly 5, 15, 25, 35 and 
45®™ in 100°, measured at 20° C. 

The results of these tests are given in the table, the specific 
rotation being calculated from the formula, 

10° a 

le] = 
in which a is the observed angle of rotation, L the length of 
the tube containing the solution in millimeters, and C the con- 
centration of the solution, that is, the number of grams in 100°. 


T L © Sp. Gr. (22) a [2] 
20° 200™™ 5 10261 2°-214 22°°14 
20° 200™™ 15 1:0739 6°°650 22°16 
20° 200™™ 25 1°1202 11°-058 22°-12 
20° 200™™ 35 1°1655 15°°493 22°13 


20° 200™™ 45 1:2100 19°°854 22°06 


The specific rotation appears to be practically constant with 
the varying concentration, and the change in the angle of rota- 
tion by variation of temperature is inappreciable as | found by 
observing several of the solutions when heated to 85°. Krecke 
found (Arch. Néerland., vii, 202), with a Rochelle salt solution 
containing 208" in 100°, the specific rotation [a]p = 22°-42 at 
25° ©. For a solution containing 10°771" of the anhydrous 
salt in 100° Landolt found (Berichte, vi, 1073), [a]p = 29°-67, 
which is equivalent to 22°-09 for the crystals. 

This is practically the same as I obtained in the table above, 
and as I found it in numerous other tests carefully conducted I 
am inclined to think it is the true specific rotation. In what 
follows I will take 22°*1 as the constant at 20°. 

For each one of the following tests I took 208™ of the 
Rochelle salt and dissolved it in a narrow-necked flask grad- 
uated to hold 100% at 20°. Then the amount of the inactive 
salt was added and water enough to nearly reach the mark. 
After shaking, the flask was brought to the right temperature 
by suspending it in a large vessel of water kept at 20°. A little 
distilled water having the same temperature was added and this 
was continued, until, after shaking, the mark was just reached. 
The limit of error here is about one-twentieth of one per cent. 

The solutions so made were then used in the polariscope. In 
all the experiments here given the temperature was kept at 20° 
and the 200™™ tube was employed. 

The following table embraces the results obtained : 


Am. Jour. Scr.—Tuirp Series, Vou. XXXVI, No. 215.—Nov., 1888. 
23 
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Formula and amount of inac- 


tive salt added to 20gm. of 
KNa C,H,0,.4H20 in 100ce. 
15 
5 
10 
15 
20 
Na.SO, (anhyd.).... 5 
Na.SO, 
Na.SO, - 
Na.SO, 
10 
20 


Na,HPO,. 12H,0_. 5 
Na,HPO,. 12H,0._ 10 
Na,HPO,. 12H,0_. 15 
Na,HPO,. 12H,0__ 20 


Na.S.0;.51H,0_... 5 
Na.S.0;.5H,O.... 10 
15 
Na,S.0;.5H,O.... 20 


NaH.PO, . H.0.... 5 
NaH.PO,. . 10 
. 15 
NaH.PO, . H.O_... 20 


NaC,.H;0..3H.O.-. 5 
10 
15 
20 
NaeB,0, .10H,0... 10 


Na.WQ, (anhyd.)... 10 


LiCl -6°752 
5 
5 
10 
_ 15 
20 
5 
10 
15 
20 
5 
10 
20 
5 
10 
15 


Observed 
rotation 


‘900 


8°558 
8 669 
8°376 
8 200 


Specific 
rotation 
[a] 


21°90 
21°44 
20°90 
20°32 


— 


bo 
Ww bo 


bo bo 
ww bs bo 


bo 
bo 
ior) 


bo to 
19 


Deviation 
from 
Normal. 


q 


a 
8°-719 21°-80 
8°483 21°21 — 
20°54 — 1°56 
i 19°75 — 2°35 
21°89 — ‘21 
21°67 — °43 
21°40 — ‘70 
21°10 —1°00 
21-67 — °*43 
21°32 — ‘78 
20°94 —1°16 
20°50 — 1°60 
8°688 21°72 — ‘38 
8°604 21°51 — ‘59 
21°29 — 
8°426 21°07 — 1°03 
21°91 — ‘19 
8°721 21°80 — °30 
8°675 21°69 — ‘41, 
8°630 21°58 — §2 
8°744 21°86 — ‘24 
8611 21°53 — 
8°497 21°24 — °86 
8°365 20°91 —1'19 
— ‘20 
8°575 — > 
8°360 — 1°20 
8°127 —1°78 
8°782 95 — ‘15 
‘70 
8'566 *4] ‘69 
8°450 — ‘98 
8°729 1°82 — ‘28 
8276 0°69 —1-41 
8:°172 20°43 —1°67 
18°67 — 3°43 
+ 
9-140 *85 "75 
9:228 07 + °97 
9°372 13 + 1.33 
9°987 "12 + “62 
9°123 8] + “71 
9°172 93 + °*83 
9°244 11 + 1°01 
+ ‘19 
9°025 + °46 
9°105 + ‘66 
9°182 + 
8°986 ‘46 + ‘36 
9°104 + ‘66 
9°239 r10 + 1°00 
20 9°387 47 + 1°37 
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Formula and amount of inac- Observed Specific Deviation 
tive salt added to 20gm. of rotation rotation from 
KNa C,H,0,.4H20 in 100cc. a [a] Normal. 
5 8:994 22°48 + °38 
10 9°030 22°58 + ‘48 
15 22°69 + °59 
20 9°134 22°83 + 
5 9°008 22°52 + °42 
10 22°73 + ‘63 
15 9°160 22:90 + 
20 9°248 23°12 +1:02 
5 9°040 22°60 + 
K,SO, 10 9°094 22°73 + °63 
K.C2U,4 H,O 5 9°030 22°57 + ‘47 
5 9°033 22°58 + 
20 9°239 23°10 +1°00 
5 8°987 22°47 + ‘37 
15 9°093 22°73 + *63 
(NH,4)2C20, BO... 5 9:004 22°51 + 41 
10 9°036 22°59 + 


A simple inspection of the table shows immediately several 
important points. The addition of the sodium salts, without 
exception, causes a decrease in the rotation, which is greater as 
the amount of inactive salt is increased. The behavior of the 
thallium salt is interesting; here a remarkable change is pro- 
duced. Experiments now in progress promise to throw some 
light on the action of thallium compounds in parallel cases. 
The addition of potassium and ammonium salts, without excep- 
tion, increases the specific rotation. This deviation becomes 
greater as more of the inactive salt is added. We have here a 
remarkable difference between the sodium, thallium and lithium 
compounds on the one hand and the potassium and ammonium 
compounds on the other. These peculiarities may sometimes 
be applied in the quantitative analysis of salt mixtures. These 
characteristic points and the amount of variation can be most 
conveniently shown by curves in which the abscissas are the 
amounts of inactive substance in solution with 208" of Rochelle 
salt and the ordinates the specific rotation of the mixture, or 
better, the deviation of this from a simple water solution of the 
tartrate. 

I have drawn the curves given in fig. 1 on this plan. It 
will be observed that some of them are practically straight lines 
which can be represented by a simple equation of the form 


[2] = (2), + Ag, 
in which g is the amount of inactive substance in solution, and 
(a), the caleulated rotation when g = 0. It might appear that 


this value should be the same as that observed for the pure tar- 
trate solution, but I think that does not necessarily follow. 


= 
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In the other cases the observations lead to a curve as ex- 


pressed by 
[2] = (a), + Ag + Bg’, 


in which the letters have the same meaning as before. 
From the first three solutions containing potassium nitrate I 
have calculated according to this 


[a] = 22:°20 + 0-048 + 0-0008y'. 


I have not thought it necessary to find an interpolation formula 
for all the solutions. It is evident from an inspection of the 
curves that they intersect the base line at g = 0 only in a few 
instances, and the deviations are usually greater than could be 
referred to errors of observation. 


1. 
— Kt 
Pe, 
~ —— 


As mentioned above, the ‘addition of a potassium salt in- 
creases the rotation while sodium salts diminish it. The num- 
bers as given seem to show no relation beyond this. However, 
if instead of giving the rotation for solutions containing equal 
weights of active and inactive substance, they be calculated for 
equal numbers of molecules in solution the results obtained 
show certain regularities which must be more than accidental. 
These desired values can be obtained readily and accurately by 
ee interpolation and in the following table they were so 

erived. 
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[a], When for 1 molecule of tartrate 1, 2 or 3 molecules of inactive 
substance are present. 


Formula of salt. 1 mol. 2 mol. 3 mol. 
21°86 21°41 20°99 
21°79 21°42 
21°68 21.41 21°16 
21°32 20°49 
Na,HPO, 138,0... 21°40 
Na,S.0; . 21-07 
NaH,PQ.. H.O-..--. 21°67 20°92 = 21-41) 
21°72 21°16 
22°73 22°88 23°14 
22°78 23°00 
22°63 23°09 
22°60 23°07 
ae 22°52 22°66 22°82 
22°60 22°87 23°25 
22°79 
22°54 22°67 22°81 
22°54 22°70 


We see from the above that the specific rotation in presence 
of two molecules of NaCl, NaBr, NaNO,, or one molecule of 
Na,HPO, . 12H,O, or one and one-half molecules of NaH,PO,,. 
H,O is very nearly the same, 21°°41. 

In presence of one molecule of Na,SO, it is a little less, while 
for NaC,H,O, and Na,S,O, no simple relation is apparent. 

Two molecules of KBr, KCl, KI, KNO, and KC,H,O, exert 
nearly the same influence, one molecule of K,SO, gives a 
smaller value, while KSCy is irregular. . 

Roughly, it appears that the potassium salt molecules increase 
the rotation in about the same proportion that the sodium salts 
diminish it. The explanation of this may not be immediately 
apparent. 

Cases similar to those observed in the experiments of Gernez, 
referred to above, have been explained by the hypothesis of 
Biot according to which loose combinations are formed between 
the active and inactive substance having a rotation different 
from that of the former. Gernez has given the composition of 
some of these molecular combinations. The case in hand, how- 
ever, is somewhat different. If we could assume here an action 
of mass by which on addition of potassium salts the solution 
would be made to contain neutral potassium tartrate, and on 
addition of sodium salts neutral sodium tartrate, then the dis- 
turbance could be partially explained. According to Landolt 
(Ber., vi, 1073), the specific rotation of neutral potassium tar- 
trate, calculated as anhydrous, is 28°48, while that of the neutral 
sodium salt is 30°85. However, if instead of taking equal 
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weights as our basis we take equal numbers of molecules, we 
obtain the following values representing the molecular rotation 
of the three salts, 
K,C,H,O, = 64:42 
KNaC.H.O, = 62°34 
Na,C,H,0, 59°85 


from which it is apparent that the conversion of 20® of 
Rochelle salt into the neutral potassium tartrate would give a 
solution with increased rotation, while conversion into sodium 
tartrate would give a solution with diminished rotation. On 
this assumption the change can be accounted for in part, but 
only in part. Taking the rotation for the mixture of 208™ of 
KNaC,H,0, . 4H,O with 208" of KCl, given in the table above, 
we have a = 9°:372. Now, considering this as produced by 
16-038" of K,C,H,O,—the equivalent of 208" of KNaO,H,0,. 
4H,O—we obtain a specific rotation, 


[a] = 29°-23, 


which is too much, Landolt’s value being 28°48. 

In the same way taking the rotation a = 7°-900 found for 
the solution containing 20°" of KNaC,H,O,.4H,O and 208" of 
NaCl and supposing this rotation produced by 13°76®™ of 
Na,C,H,O, we find the specific rotation, 


[a] = 28°70, 


which is too low, or, in other words, too great a reduction, 
Landolt’s value being 30°85. 

It will be seen, however, that the rotations found for the 
mixtures of the tartrate with the equivalent of two molecules 
of the simpler inactive salts give numbers which agree with 
Landolt’s values. This is probably more than a mere coinci- 
dence. I am at present making a somewhat closer study of it. 

The above mentioned hypothesis, while not adequate to ex- 
plain fully the difference in behavior between the inactive salts 
added to the tartrate, is still worthy of consideration, I think. 
In the further progress of the work I shall test it fully. The 
phenomenon is evidently a complex one and a study of the be- 
havior of other double tartrates must be made before it can be 
thoroughly understood. 

Preliminary experiments indicate that the double tartrates 
containing thallium or antimony will well repay investigation. 
The necessary material for such a study is now in course of 

reparation by an assistant in my laboratory, and with this I 
i to be able to throw more light on the subject. 


Chicago, July 18th, 1888. 
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Art. XXXIX.— Energy and Vision ;* by 8. P. LANGLEY. 


WHILE it is quite a familiar fact that the luminosity of any 
spectral ray increases proportionately to the heat in this ray, 
and indeed is but another manifestation of the same energy, I 
have recently had occasion to notice that there is, on the part of 
some physicists, a failure to recognize how totally different op- 
tical effects may be produced by one and the same amount of 
energy according to the wave-length in which this energy is 
exhibited. 

I should not perhaps have thought it advisable to make this 
last remark, were it not that there has appeared in a recent 
number of Wiedemann’s Annalen, a paper by H. F. Weber on 
“The Emission of Light,” in which he tacitly makes the assump- 
tion that the luminosity of a color is proportionate to the ener- 

y which produces it, an assumption which it is surprising to 
nd in a paper of such general merit and interest. 

In another article of the same number of the journal, the 
mistake was pointed out by Professor F. Stenger, who remarked 
that Mr. Weber’s assumption was inconsistent with the investi- 
gations of the present writer. Still the fact that there could 
be such a misapprehension at the present day, led me to look 
at the matter again, and to observe, with some surprise, that 
there was nowhere, in any physical work known to me, any ex- 
act or even approximately exact statement of the relative ocular 
effects of a given amount of energy in different parts of the 
spectrum. I have undertaken therefore during the last few 
months an experimental re-investigation of this subject, with 
such a statement especially in view. 

We shall evidently need two correlated sets of experiments, 
the first set to determine the amount of energy in each ray, the 
second to show the corresponding visual effect. 

For the first of these, since energy only shows itself through 
absorptive media which more or less disguise it, we must select 
that manifestation which disguises it least, and in this respect 
beyond comparison the thermal one stands first, as the heat dis- 
persed by a glass prism and shown by a thickly lampblacked ther- 
mometrice apparatus is, throughout the visible spectrum, very 
nearly proportionate to the energy itself. For these first or 
thermal experiments, whence the energy is readily deduced, 
with close approximation, we shall rely principally upon a very 
elaborate investigation made here some time since and already 
published, where the bolometer is used to deduce in terms of 
lampblack absorption the relative amounts of solar energy in 


* Read by abstract before National Academy of Sciences, April 19, 1888. 
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various wave-lengths throughout the visible spectrum and a 
little beyond; and which has been supplemented by a new 
investigation of the same kind in the present connection. 

Our second set of experiments will consist of a recent paral- 
lel series of photometric solar measures taken at the same wave- 
lengths as the thermal ones, and which we may say gives this 
energy in terms of what I may perhaps be allowed to call, pro- 
visionally, “retinal” absorption. 

The thickly lamp-blacked surface, then, and the retinal screen 
provided by nature in the eye, both exercise selective absorp- 
tion, but the first whose absolute absorption is here nearly total 
does so in relatively so small a degree, that we may, in the visi- 
ble spectrum, provisionally neglect it, and consider the bolo- 
metric effect as here proportional to the energy itself. 

It is evident that these two series once made, and reduced in 
both cases to the normal spectrum, would give us for any indi- 
vidual human eye the means of stating the visual effect in 
terms of absolute energy. ‘The visual effect is known to vary 
in a very minute degree with the absolute amount of this 
energy, at least if we admit the physiological influence of what 
has been called “the color of brightness,” but for the compara- 
tively feeble lights employed, this physiological effect seems to 
be almost negligible, and it is nearly immaterial within the 
limits of the experiment what unit of energy we take. 

The object of these experiments, then, is to take some one 
constant amount of energy, to actually or virtually display it 
successively in different portions of the spectrum, and to ob- 
serve in what proportion the optical or visual effects of this 
fixed amount of energy vary, according to the wave-length in 
which it is conveyed. While the measurements which insure 
this constancy are best made by thermal methods, and while 
the prism is on the whole far more convenient for them than 
the grating, it is nevertheless desirable to reduce the whole 
measurements to what they would have been, if taken directly 
in the normal spectrum. ‘The writer’s measutements, already 
published and here cited later, afford the means of doing this 
with precision. These show that the energy is far from being 
distributed equally even in the normal spectrum; and that, 
accordingly as it varies from one part of the spectrum to an- 
other, we must, by opening the aperture through which it is 
admitted where it is weak, and by narrowing it where the ener- 
gy is strong, or by other like device, maintain it absolutely con- 
stant, or else (what is far better) let it enter through one fixed 
aperture, and use the subjoined table to apply a correction for 
the actual irregularities. Let it be remembered that we are 
now speaking of absolute energy, not of those physiological 
effects of it on the organ of vision which we call light, and it is 
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to the value of this absolute energy for different wave-lengths 
in the normal spectrum which the subjoined table refers. This 
table, which gives the energy as derived from thermal experi- 
ments, rests on many thousand observations, taken, however, all 
with what is called a high sun, ¢. ¢., with a sun more than 30° 
above the horizon. As the distribution of this energy varies 
somewhat from day to day, and particularly in the violet and 
beyond, we have supplemented it by a series of direct observa- 
tions taken with the bolometer on April 6, 1888, using the same 
glass prism employed in the photometric work described later. 
As those observations show a fair accordance with the others, 
it is not necessary to repeat them. 


TasBLeE I. Norma SPECTRUM. 


a=0.35| 038) 0-45] 0-50 0-55 0-70) 


Heat= 1°8 | 119] 17:3 20°77} 21:9] 22°2| 21-4 | 20°7 20°2 


What has just been given in table I refers to the distribution 
of energy in terms of Jamp-black absorption, ¢. e., as “ heat.” 
We now proceed to attempt to find it in terms of retinal ab- 
sorption, 2. ¢., as “light.” It is well known that color pho- 
tometry offers peculiar difficulties. My own experience, after 
a long employment of the Rumford photometer for comparing 
the relative intensity of different colored lights, is most un- 
favorable to it, and I have also tried the Bunsen photometer 
with almost equally unsatisfactory results. I have also experi- 
mented with the ingenious photometer described .by Masson 
(Ann. de Ch. et de Ph., ser. III, xiv, p. 129), in which a disk 
of paper, marked with black and white sectors, is revolved with 
such rapidity that it assumes a uniform tint when viewed by the 
colored light in question, but when illuminated by the electric 
»y. flash displays the sectors again. It is evident that the reappear- 

ance of the sectors under the flash will be conditioned by the 
nature of the light which furnishes the steady illumination. 
But though on trial this has seemed to yield better results than 
the ordinary photometers, the method is of difficult application 
in connection with the particular apparatus about to be de- 
scribed. I have therefore, after considerable experiment, de- 
cided in favor of what may seem, at first, to be a cruder 
method, but which is, I believe, for the present purpose, pref- 
erable to any of the foregoing; I mean the determination of 
the intensity of light necessary to read a table of logarithms 
or to discern any arbitrary characters. 


15] 0-768 
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Description of the Apparatus. 


The measures have all been made in a dark room from which 
every source of outside light is excluded except that which 
enters the slit of the spectroscope. 

The light from the siderostat mirror, M (fig. 1) passes through 
a small aperture in the north wall and falls on the slit (s,), 
(which has doubly moving jaws, 34™™ high, set in these experi. 
ments at a standard distance of 0° 1™™), then on the great colli- 
mating lens (/) of 755° focus (aperture 11:9), ¢, being a paper 
tube to prevent the lateral diffusion of light from dust parti- 
cles. p is a glass prism,* m, the concave mirror of 148™ focus, 
which here forms upon a second slit (s,) a spectrum about 7™™ 
high and 90™ long in the easily visible part from A to H. 
The prism and mirror are mounted on the spectro-bolometer 
already elsewhere described,+ and which is provided with a 
circle reading to 10” of are. By setting this circle, any color 
can be brought on the slit (s,). ‘The light which the mirror 
has converged into that part of the spectrum overlying this 
slit passes ‘through it, diverges and falls upon a black paper, 
figure 2, in which is a ‘central : aperture 1° square, occupied by 
part of a table of logarithms, printed in small black type on 
white paper. This table can be adjusted to bring different 
figures in view, but is otherwise fixed relatively to the black 
paper screen which (with this central centimeter occupied by 
figures) is mounted on a slider. The rod (7) on which the 
slider moves is a prolongation of the spectroscope arm, made 
of a light wooden rod graduated so that one can read the posi- 
tion of the slider to a centimeter by feeling of notches in the 
dark. The zero of this rod is at slit 2 on which the spectrum 
is thrown. 

It is to be observed that it is necessary that the square of 
figures should be small in order that it may be slid nearly to 
the apex of the cone of light and remain covered thereby. 

It is to be noted also that at a constant distance and in a 
feeble light, these small figures may be invisible to the naked 
eye and most distinctly visible to the same eye with a magnify- 
ing glass. For two eyes of different foci, the amount of 
light with which the same figures will be read will probably 
vary. It follows that even if the same person read from 
beginning to end of the series, his readings will not be com- 

* Its principal constants are: height of face 11°5°™, width, 10°5°™, while for a tem- 
perature of 28° C. the refracting angle is 60° 06’ 45", deviation 
H = 46° 45’ 35’ 
6b, = 44 45 55 
D,= 44 11 15 
A = 43 24 05 
(‘little Omega”) = 41 34. 
+ ‘‘ Researches on Solar Heat,” Prof. Papers of the Sig. Serv., No. 15, p. 130. 
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parable unless they are all taken under the same optical con- 
ditions, e. g. all with the naked eye or all with glasses of a 
certain strength. 

In these measurements a magnifying glass of 4°7™ focus 
was used by all the observers, and in addition, two who were 
near-sighted wore spectacles correcting this defect. 


Screen, one-half size. 

The observer, in a room completely darkened, except for the 
minute light diffused from the particles in the reflected beam, 
and himself shielded even from the feeble light diffused from 
the surfaces of the lens, the prism, and the mirror, by the 
thick black curtain shown on the plan, waited until his eye 
had become quite sensitive before making the readings. An 
assistant outside the curtain set the circle by the aid of a dark 
lantern, and adjusted the siderostat from time to time so as to 
keep the light exactly on the center of the lens and prism 
face. The passage of the slightest wisp of cirrus cloud was 
noted and the observer warned. 

Although the light diverges from slit 2 and not from a 
point, the “cone of rays,” above referred to, is, as regards the 
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object and limits of our experiments and the limiting positions 
of the screen, so nearly coincident with a geometrical cone, 
that, as the slider is carried away from the slit, the light may 
be treated as diminishing proportionally to the inverse square 
of the distance from the slit to the screen. The nearest posi- 
tion of the screen brings it within 20™ of the slit, the farthest 
is over 300, so that we have the power of diminishing the light 


300\? 
over (ee) or over 225 times. This however is by no means 


a sufficient range for the comparison of the light in the 
yellow green with that in the extreme red; and because the 
graduated rod was not long enough to thus give the desired 
range, a photometer wheel was introduced in some of the 
measures between the siderostat mirror and the remote slit (s,). 
This photometer wheel is capable of reducing the light from 
-50 to ‘05 or further, and is more fully described in Memoirs 
National Academy of Sciences, vol. iii, Memoir on the Temper- 
ature of the Moon. We have, then, without altering the slit, 


a range of adjustment through over “os OF over 4500 times. 


The slit s, where the light first enters has doubly moving jaws, 
controlled by a micrometer screw. Its standard opening in 


these experiments for light comprised between 4=0"-40 (violet) 


and A=0":65 (red) was 0°1™™, but it has been opened for sup- 
plementary experiments to 5™, so that we have by opening or 
closing it a range of light from 50 to 1. It was, however, con- 
stantly kept at the standard opening of 0°1™™ until the main 
series of experiments was completed, so as not to vary the light 
by attempting to reset it by the screw. Admitting, however, 
that for any given prism, transmitting any given ray, the light 
is sensibly proportional to the width of the slit (which ma 
vary from 50 to 1), to the disposition of that coming pts § 
the photometer wheel, which may vary from 20 to 1, and to 
the inverse square of the distance of the slider from slit s, 
(225 to 1), we have a possible range of 50x20 225= 225,000 
to1. This, however, it will be understood, has only been em- 
ployed in our supplementary measures. 

In the following table all observations, whether made with 
or without the photometer wheel, or with a wide slit, as in the 
case of the supplementary observations in the most feebly 
luminous portions at the extremities in the spectrum, have 
been reduced to these standard conditions : 


Photometer wheel absent ; 

Slit (s,) 0°1™™ wide; 

Slit (s,) 1™™ wide; 

Slider with logarithm table at 1 meter from slit s,. 


| 
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Each reading of the logarithms in the slider is taken when 
certain figures become discernible in the light in question, and 
is the mean of three independent observations, taken consecu- 
tively. In order to find the wave-length by means of the 
prism we must prepare a table or a graphic construction, de- 
duced from an examination of the special prism employed, 
showing the wave-length corresponding to the position of mini- 


3. 


| 


48° 


47° 


46° 


Jase 


mum deviation of each ray. Figure 8 is such a graphic con- 
struction derived from our own observations of the constants 
of the prism employed, and Table II gives the approximate 
values of the tangents to the curve by means of which we pass 
from the prismatic to the normal scale. 
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Taste II. 


Approximate deviations and reducing factors (tangents) corresponding to adopted 
wave-lengths for great Hilger prism. 


Wave-lengths. Adopted 
m Tangents to curve. Deviations. 
*35 2°28 48°00' 
"38 1°94 47 10 
“40 1°73 46 42 
*45 1°27 45 42 
44 58 
62 44 28 
“46 44 07 
65 43 50 
“70 43 38 
75 43 26 
*26 43 22 


Tasre III. 

Co-efficients of reflections from two surfuces of silver. 
Wave-lengths ‘38 ‘45 ‘50 ‘55 ‘60 ‘65 ‘70 ‘75 
Percentage reflected from two 

surfaces ‘37 ‘54 ‘63 ‘73 ‘79 ‘82 °845 ‘86 °875 ‘885 
Reduction factor 
(reciprocal) 2°70 1°85 1°59 1°37 1°27 1°22 1°18 1°16 1°14 1°13 


Table III is a table for the selective absorption of silver 
referred to such a lamina as is spread by the Martin process on 
the front surface of the glass in its ordinary application. It is 
prepared from unpublished observations made by the writer 
with the bolometer in the course of the year 1881, and for 
the method of its preparation the reader is referred to the foot 
note.* It will be seen from this table that while such a silver 
film exercises a considerable selective absorption in the ultra 
violet and even at the blue end, it exercises less as the wave- 
length increases, and in fact an extension of it would show a 


‘still enhanced power of reflection for infra red rays. It is with 


these infra-red rays that our measures in previous researches on 
radiant heat at this observatory have been hitherto mainly 
made. Accordingly our measures of the selective reflection in 
the ultra violet, to which we have given comparatively little 
study, have not been repeated with all the care which the subject 
deserves, and we recommend a more complete determination 


* The selective absorption of silver has been deduced by bolometric measure- 
ments in the solar spectrum, with a Rutherfurd grating, by producing multiplied 
successive reflections of the light from silver before allowing it to enter the slit 
of the spectroscope and determining successively the variation in the intensity 
of different rays according to the number of reflections. The observations are 
reduced by a logarithmic formula. 
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of the selective absorption of silver there as an interesting field 
still open for experiment to those engaged in the study of that 
end of the spectrum. 

By means of this graphic construction, which is amply ac- 
curate for the immediate purpose, and by the use of the for- 
mula already described (Memoirs of the National Academy, 
vol. ii, p. 161), we can also pass from the actually observed 
prismatic spectrum to the effect which would have been ob- 
served in a truly normal one; and it is by the use of these 
constructions, founded on these formule, that the final reduc- 
tions here given have been obtained. It is here assumed that 
no sensible selective absorption is exerted by the prism or any 
other portion of the apparatus. 

We now give a summary of the photometric observations. 
The state of sky for each series and the approximate air masses 
were :— 


March 30th.—Sky “ fair blue;” observer, S. P. L.; time, 11" 40™ 
a. M. to 12" 45" p, m. (Greenwich 5th hour meridian time); air 
mass,* 1°22 atmospheres. 

April 2d.—Sky “ milky blue with cumuli;” observer, F. W. V.; 
time 12" to 2" p, M.; air mass, 1°19 atmospheres. 

April 3d.—Sky “blue with cumuli,” better than on 2d, sky 
better in E. M.’s series than in that of F. W. V., when a slight 
haze, barely perceptible, had formed. 

Ist series; observer, E. M.; time, 11" 10™ a. Mm. to 125 30™ Pp, m.; 
air mass, 1°18 atmospheres. 

2d series; observer, F. W. V.;.time, 1" 15" to 2° 30" Pp. M.; air 
mass, 1°28 atmospheres. 

April 4th.—“ A good blue at first, after 12" milky blue from 
slight smoke, but still a fairly good sky.” 

Ist series; observer, F. W. V.; time, 10" 25" to 11" 55™ a. M.; 
air mass, 1°23 atmospheres. 

2d series; observer, E. M.; time, 12° 30™ to 1" 30™ Pp. M.; air 
mass, 1°20 atmospheres. 

April 6th.—Sky “ good blue, quite clear;” observer, F. W. V.; 
time, 10" 45™ a. M. to 12" 15" Pp. M.; air mass, 1°18 atmospheres. 

June 16th.— Sky “clear, good blue; after 1 Pp. M. cirrus streaks. 
Observer, B. E. L.; time, 11" 15™ a. M. to 1" 45™ p, m.; air mass, 
1°05 atmospheres, 

July 2d.—Sky “ clear, excellent ;” observer, B. E. L. 

Ist series; time, 11" 25" a. M. to 12" 15" Pp. M.; air mass, 1.08 
atmospheres. 

2d series; time, 12" 15™ p. M. to 1" 25™ p, M.s air mass, 1°02 
atmospheres. 


* By air mass is here meant that actually traversed by the solar rays, that with 
a vertical sun at sea level being unity. 
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We first give, in table IV, the values of the photometric mea- 
sures in the prismatic spectrum, reduced to the standard con- 
ditions above cited. 

TABLE IV. 


Showing sensitiveness of the eye to light, as deduced from the power to decipher fine print. 
Prismatic (uncorrected) values. 


a=o"35 0-38} 0"-40! 0-45 | 050 | 0-60 | | | 
S. P. L. 
Mar. 30 | 029 | 3:01) 1931/1915 3°88 | 0-28 | 
F. W. V. 
April 2 0-13 | 9°89 57-94 1133 15-14 1-06 | 0-27 
April 3 0°30 | 988 |154-2 167°9 26-91 | 1:99 | 0-43 
April 4 0-20 | 10°88 |154°6 |193-8 | 24°62 | 223 | 0-33 
April6 0-L7* 2°32 | 0-005*! 0-0012* 
Mean 0°0015 |0-017 0-20 | 10-25 /122-25 153.33 22-22 | 1-90 | 0°34 |0°005 | 0-0012 
B. K. L. | 
June 16 0°24 | 30°60 /157°2 (217°0 | 36-98 | 3°39 | 0-17  0°001* 
July 0,003*, 0-23 | 10°89 |125°7 [1423 | 33-96 | 4:54 | 0-73 0-004* 
July 2 | | 0°34 | 35°38 [1861 (158-7 | 70-16 | 5°98 | 0°75 
Mean 07000 (0-000 | 0°27 | 25°62 {1563 |172°7 |47°03 | 4°64 | 0°55 0-002 
April 3 0°35 | 3060 |100°1 146-1 | 49°82 | 5°85 | 1-46 
April 4 0-19 | 8:34 | 4639) 75°27/ 42°05 | 3-04 
Mean 0-27 | 19°47 | 73°25 1110-69 | 45-94 | 45 1-46 


* Blue (cobalt) glass over slit s,. 


In table V are the final values, corrected for loss of light by 
reflection from silver surfaces and reduced to the normal spec- 


trum. 
TABLE V. 
Photometric values. Normal Spectrum. 

of 38 | of-40 | of45 | | | of60 | o” 65 70 | | | 
S. P. L. | | | 
Mar. 30 | 050 | 3°36! 14°61| 1040 | 1°62 | 0-096 | 
F. W.V. | | 
April 2 0°36 | 17°21 | 64.76) 85°69| 8°22 | 0°44 | 0-092 
April 3 17°18 |172-4 |127°0 | 14°61 | 0°83 0°15 
April 4 0°56 {19°11 |172°8 |146°7 | 13°37 | 0°93 | | 
April 6 0:0092*| 0°062*| 0:47* | 0-97 | | 0°0015* 0:0003* 
Mean 0°0092 | 0°55 | 17°83 |136°65 |119°8 | 12:07 | 0°79 | 000L1 | 0°0003 
June 16 0°65 | 53°23 |175°7 |164°2 | 20°07 | 1°42 | 0°058 | -0003* 
July 2 0°000*| 0°011*| 0°63 | 18°95 |140°5 |107°6 | 18°44 | 1°90 | 0°25 *0012* 
July 2 | 0°94 |61°56 |208°0 |120°0 |38°09 | 2°50 | 0°26 
Mean 0°000 | 0°74 |44°58 174°7 |130°6 | 25°53 | 1:97 | 07189! -0008 
April 3 | 0°95 | 53°23 |111°9 {1195 | 27-05 | 2-44 | 0°50 
April 4 0°52 | 14°51 | 51°84] 56:94 | 22°82 | 1°27 | 
Mean 0-74 | 33°87 | 81°87] 83°72 | 24°94 | 1°86 | 0°50 


* Blue (cobalt) glass over slit (s,). 
Am. Jour. Sct.—Tuirp Series, Vou. XXXVI, No. 215—Nov., 1888. 
24 
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In this table we have first, the wave-lengths corresponding 
to the observed angles of deviation, these values reaching from 


0-35 in the ultra-violet to 0“-77 near Fraunhofer’s A on the 
extreme border of the visible red. It is to be observed, how- 
ever, that the great mass of the observations which were taken 


without disturbing the slit reach from 0-40 in the deep violet 
to 0-70 in the deep red. The figures corresponding to 0435, 


04-38, 0-75, 0:77 are extremely difficult to obtain with pre- 
cision and are given here as supplementary to the others. 
There are four observers :— 


S. P. L., whose eye is somewhat long-sighted (making conven- 
ient the use of convex glasses of 4 meter focus) and not sensitive 
to very feeble light; eyes otherwise believed to be in normal 
condition. 

F. W. V., near-sighted, using glasses whose negative focus is 
14™, The eye appears to be much less sensitive to the red than 
to the violet. The retina of this eye is somewhat deficient in 
black pigment. 

B. E. L., near-sighted, using glasses whose negative focus is 

E. M., a boy of fifteen whose sight is perfect as far as known. 


It will be remembered that throughout this table from 04-40 


to 0-70 the light enters through a slit whose aperture is con- 
stant. If under these conditions the logarithm table can be just 
read when the slider is one meter from the second slit (s,), the 
light would be represented by unity; if at two meters, by 4; 
if at three meters, by 9; and so on. As, however, we have 
already explained, the length of the red being limited to but 
little over three meters, for the higher values we are obliged 
to introduce the photometer wheel. For instance, the strong- 
est light observed by I’. W. V. was in the prismatic yellow- 


green corresponding to a wave-length of 0“-55 where 1938 was 
noted. Had the rod been really indefinitely prolongable, the 
slider would have needed to have been removed to the length 
of nearly 14 meters. To avoid this the photometer wheel was 
interposed, reducing the light to 5 and the actual distance of 
193°8 
20 

or 3°11 meters. The feeblest light which has been here meas- 
ured with the standard slit is that by F. W. V. on April 2d at 


the slider from the slit (#,) was, as we may easily see, 4 / 


wave-length 0-40 which is put down at 0°13 corresponding to 
a distance of 36°" from slit (s,). 
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To make clear the way in which we pass from table IV to table 
V, let us take any particular observation, for instance that 


already cited of April 4th by F. W. V. at 0°55, of 193°8. 
Referring either to the graphic construction, or to table I, we 


find the value of the tangent (at A=0"-55)=0-62 approximately, 
and 193°8 x ‘62=120'16. Our table shows the reduction factor 
for two surfaces of silver to be 1°22, whence the final reduced 
value becomes 

1:22 x 120-16=146°6 

And in this manner from tables II and ITI the remaining values 
in table V are derived from those in IV; but here let it be ob- 
served that these values in table V do not yet represent what we 
wish, since they do not correspond in any exact sense to one 
constant amount of energy. It is true that they might at first 
sight appear to do so, since one constant quantity of solar en- 
ergy actually or virtually entered through the same constant 
width of the slit to produce them, and passed through one con- 
stant aperture at the second slit, and since finally the prismatic 
values are reduced to these in the normal spectrum ; but, as the 
writer has shown not only by theoretical deductions from what 
is observed with the prism, but by very numerous measures in 
the normal spectrum from a grating by means of a bolometer, 
the solar energy in the normal spectrum itself is very unequally 
distributed. (See table I.) 

Since thermal and luminous effects vary proportionately in 
the same ray, it is to be observed that the values in table I 
furnish for each wave-length a divisor which gives not only the 
heat but the brightness which would have been observed had 
the prism dispersed the energy which fell on it in such a way 
that the same amount of energy fell in one part of the spectrum 
as in another, and thus we finally obtain the values in table VI 


Taste VI, 


Sensitiveness of the eye for a constant amount of energy of 
varying wave-length. 

*45 0° 0 0-70) 0°75 | 0-7 


8. P.L..| 0-042 0°194 0°706 0-475 0-073 0-004 


F. W. 150 (7°90 5°79 0°551 0-036 0°005 |0°00007) 0-00001 
B. E. L..|0°000 |0°0030)0°139 3°75 |10°10 6°31 {1°17 |0°089 /0-00004 


B. M. 0140 2°85 473 $04 (114 o-084 0-023 


| | | 


* The observations of S. P. L. are here omitted from the mean. 
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It will be observed that no correction has been introduced 
for selective absorption in the substance of the prism itself, as 
this is absolutely negligible within the limited range of the 
spectrum we are discussing. 

This table exhibits the relative effect upon very different 
eyes of a given amount of energy in the form of radiation of 
various wave-lengths. 

Quite notable differences exist between the different ob- 
servers, not only as to the absolute sensitiveness of the eye, but 
also as to the relative efficiency for different colors. This seems 
to be, to some extent, a function of the age of the observer, if 
we may draw any conclusion from so few comparisons, the 
younger eyes being much more sensitive to the rays of shorter 
wave-length. Beyond this, any unusual efficiency for a partic- 
ular part of the spectrum is perhaps apt to be balanced by a 
deficiency in another part, which, if strongly pronounced, 
would be termed color blindness. Prof. J. Clerk-Maxwell, 
employing pure spectrum colors, formed white by combining 
26°3 per cent of red with 30°2 per,cent of green and 43°5 per 
cent of blue (Phil. Trans. R. Soc., 1860, p. 79) and on another 
occasion with a slightly different apparatus (loc. cit. p. 74) the 
same observer made white by mingling 21°9 per cent of red 
with 33°3 per cent of green and 44'8 per cent of blue. The 
Allegheny observers, F. W. V., B. E. L., and E. M., with whom 
this experiment was repeated, required from one fourth to one- 
tenth less red and one-sixth to one-eighth more blue than Max- 
well, forming white by mingling 20 per cent of red with 30 
per cent of green and 50 per cent of blue. Since, in order to 


make white, more of that color is required for which the eye > 


is most sensitive, we may perhaps infer that Prof. Maxwell was 
somewhat less sensitive to blue than these observers, although it 
should be remembered that the relative intensity of the blue 
and red in the solar spectrum is liable to undergo considerable 
fluctuations, so that where direct comparison of individual eyes 
is impossible, some uncertainty must remain. 

We have selected for comparison with our results the follow- 
ing by Capt. Abney (using a different photometric method), 
which we have here reduced to the normal scale. (See “ Trans- 
mission of Sunlight through the Earth’s atmosphere,” by Capt. 
W. de W. Abney, R.E., F.R.S.; Phil. Trans. R. Soe., vol. 178, 
(1887), A., pp. 274-276). From the mean of the observa- 
tions of July Ist, July 5th and July 21st, 1886, made with an 
average air-mass of 1°33 atmospheres, we obtain these photo- 
metric values for the normal spectrum : 


Light= 0°8 2°8 25°0 82°0 66°5 12°3 0°5 


near A=0"'57. 
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The light curves of F. W. V. (curve ¢, fig. 4), and of E. M., 
(curve 3, fig. 4), have their maxima respectively near A=0“52 
and 4=0"58. 

Everything which has preceded has had reference to the 
relative luminous effects produced by any (moderate) constant 
quantity of energy. It may, however, be interesting to make 
the novel calculation as to the actual amount of energy either 
in horse power or any other unit required to make us see, and 
we can obtain an approximate estimate of this amount of energy 
as follows : 

Actinometric measurements, made during the progress of the 
photometric observations, showed a solar radiation of 1:5 calories 
per square centimeter per minute. Of this amount of heat the 
slit (s,), being 3°"°4 high by 0-01 wide, received the fraction 
0:034. The visible spectrum from A to H, included, according 
to the bolometer measures, about 21 per cent of the total en- 
ergy, the absorption of the lower infra-red by the great thick- 
ness of glass in the prism being large. We estimate that nearly 
20 per cent had been lost by reflection before the bolometer 
was reached. The spectrum formed had a length of 86™" from 
Ato H. The average energy which passed through the milli- 
meter aperture of slit s, was therefore (within these limits and 
expressed as heat), 


0-034 X 021 
86 


or approximately 5,45, calorie, let us say 4,000 ergs per 
minute. 

At 1 meter from slit s,, this energy is further spread out over 
an illuminated area of 28 sq. em., of which the s square centi- 
meter of fine print, being placed at an angle of 45° with the 
path of the ray, occupies only about J;. Ifalength of ie? of 
the standard spectrum receives an average energy of 5457 
calorie per minute, the actual working part of the screen, con- 
sisting of the little square of fine print, will receive at a distance 
of 1 meter gyy/gy7 Calorie per minute. But this by no means 
gives the amount of energy requisite to produce vision, since the 
eye is able to receive a distinct visual impression in less than 
one-half second of time. We may say, therefore, that a lumi- 
nous energy of zj5ayaa7 Calorie is sufficient to give a distinct 
view of the small square of figures in the brightest part of the 
spectrum, even after the immense loss of light | by absorption and 
diffusion in the paper, which may amount to 32 of the whole. 

Even less light is needed to give the bare i impres ssion of lumi- 
nosity. The sensitiveness of the human eye is indeed so extra- 
ordinary, that the chief difficulty in measuring its power is to 
find means for sufficiently reducing the intensity of sunlight, 
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which are at the same time capable of even approximate nu- 
merical estimation. Out of numerous plans tried, the following 
has given the most reliable result. 

In front of the first slit, in the path of the rays from the 
siderostat, was placed a plate of glass very lightly smoked whose 
transmission for different kinds of light was first photometri- 
cally measured and found to be 


For violet light (4=0":40) transmission 0°000210 
“ green “ 0:000655 
“red “ (4=0/65) 0°002350 


The photometer wheel was next interposed, its aperture be- 
ing sometimes reduced until only 2 per cent of the light re- 
ceived passed through it. 

The slit was at first kept as near the standard width of 0:1™™ 
as possible: but it was afterwards deemed best to secure the 
final adjustment for the ménimum visibile at the slit, as it was 
evident on trial that the inaccuracy due to the varying loss by 
diffraction was small, compared with the inevitable uncertainty 
of the observer himself. 

Finally, the larger part of the necessary reduction was 
secured by reducing the aperture of the collimating lens by 
means of a metal plate pierced by a minute aperture whose 
area, 0:00015" was 0:000003 of the fully illuminated area 
of the lens. 

The aperture of the human eye, according to du Bois-Rey- 
mond’s photograph (see Nature, May 3, 1888, p. 15), is about 
0-791 ™, when fully expanded, or the same as that of the fore- 
shortened disk of figures previously employed. The size of 
the light spot at the standard distance beyond slit s,, when the 
minute aperture is placed over the collimating lens, is reduced 
so that about two-thirds of the light enters the eye placed 1 
meter behind the 1™™ slit on which the spectrum is formed. 

The following reductions of sunlight were needed in order 
to give a light which approximated to the minimum visibile, 
defining this to be, not the smallest light whose existence it is 
possible to suspect, or even to be reasonably certain of, but a 
light which is observed to vanish and reappear when silently 
occulted and restored by an assistant without the observer's 
knowledge. 

Referred to the standard spectrum employed in the previous 
photometric work, the observer F. W. V. found : 


Fraction of standard* violet light (A=0"-40) required for certain 
vision =0°00021 X 100 X 0:000003=0°000000,063. 


* By “standard” is here meant the light in 1™™ of the standard spectrum, 
whose length from A to H was 86™™. 
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Fraction of standard green light (A=0""55) required for certain 
vision =0°000655 x 0°033 x 0°000003 =0°000000,0000655. 

Fraction of standard scarlet light (A=0"-65) required for cer- 
tain vision =0°00235 x 2° x 0°000003 =0°000000,0141. 


Fraction of standard crimson light (A=0"-75) required for cer- 
tain vision= 10° x 0:000003=0-00003. 


The measures were made on July 3d and 11th, the sky be- 
ing a fairly good milky blue and the sun within one hour of 
the meridian. 

Assuming that the energy per millimeter of the standard 
spectrum was 0:000001 calorie per half second for the wave- 


lengths 0":55 and 0-75, we have from table I: 


For A=0"40, energy = 5°3-+- (20°7 X1,000000) calorie. 
A=0"65, “ =22-2+(20'7x1,000000) “ 


by means of which, we reduce each of the above values to 
absolute measure, obtaining for the maximum value of ‘the 


Minimum Visibile. 


Reciprocal of Reciprocal of 
Violet ....  63,000000,000000 calories= 1,500000 ergs. 
Green .... 0:55 15000,000000,000000 “ #=860,000000 
Scarlet ...  66,000000,000000 “ = 1,600000 “ 
Crimson 0°75 33000,000000 = 730 


Stating these values in terms of horse power we have 


Minimum Visibile. 


h. p. 
0-40 0:000000,000000,0001 8000 
0”:55 0:000000,000000,00000075 
0:65 7000 


Crimson (near A).. 0:75 0°000000,000000,34000000 


The measurement of the minimum visibile is subject to 
variations of a much wider range than those of the photo- 
metric method and may perhaps be in error by 100 per cent.* 


* The relative sensitiveness of the eye of the observer in question (F. W. V.) 
for the extreme red or violet, as compared with its power of detecting green light, 
appears to be somewhat less when determined by the method of minimum visibile 
than by the reading of fine print. 

By the former we have 


| 


~ 
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The probable error of a series of ten readings of fine print, 
under the actual conditions of observation with a (feeble) stan- 
dard luminosity, is determined for two of the observers as 
follows : 


Orange-yellow light | Scarlet light 


2 = 0-60 a = 0F-65 


| Violet Light 
A= OF 40 


Probable Error of one observation. 


F. W. V... 538 | 

7°69 | 2°51 | 2°86 
Probable Error of mean. 

| 2°44 0°80 0°90 


The measurements with violet light were made June 19, 1888, “sky hazy blue, 


thin but uniform cirrus haze.” Those at wave-lengths 0/-60 and 0-65 were ob- 
tained on June 20, 1888, “‘sky hazy blue with cumuli, haze not as dense as on the 
19th but possibly less uniform.” 


For a large part of the spectrum the probable error of a 
single reading does not exceed 4 per cent but the error may 
considerably exceed this for the violet rays, the eye requiring 
a much longer time to regain its sensitiveness for light of this 
color than for any other, so that for measures in this region an 
hour’s stay in the darkened room is none too much to develop 
the full power of an eye which has recently been exposed to 
the full sunshine. 


Time required for Vision. 
In connection with the photometric measures the time re- 
quired for the perception of very faint colored lights was 


Sensitiveness violet : green (4“55)=1: 240 
scarlet : green 230 
crimson : green (/-55)=1 : 450,000 
Photometry by the reading of fine print gave for the same observer 
Violet, sensitiveness of eye =0°104,000 


Green, = =5°790,000 
Scarlet, =0-036,000 
Crimson, =0°000,070 


uuity being the sensitiveness for yellow light; and the relative effect by this 
method is 

Violet (4-40): green (455)=1: 56 

Scarlet (65): green (“-55)=1: 160 

Crimson : green (#-55)==1 : 83,000 
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investigated. The method was an electrical one. There was 
automatic registration on a chronograph of the instant of exhi- 
bition, and determination of the instant of response as the ob- 
server pressed a key. The interval of course includes quite a 
train of distinct operations. According to Mendenhall (this 
Journal, III, vol. ii, p. 156), that portion of the action of brain 
nerve, and muscle which produces the mechanical effect, and 
which may be called automatic, takes place in certainly but 
little over one-tenth of a second. But the sensations which 
demand a conscious concentration of the attention, and espe- i} 
cially those which require for their registration a decision of 
the judgment, occupy an interval several times as great. The 
perception of a light just at the verge of visibility probably 
involves an exercise of judgment,—-an answer to the question, 
“Do I see the light or do I not ?’—although the question may 
not be consciously propounded, and accordingly this kind of 
perception may be included in that class of combined sensa- 
tion and mental operation which involves a choice. Professor 
Mendenhall found for the time required to decide between red 
and white 0*** -443 and to decide between a circle and a triangle 
0%: -494. We have found for the average of over 1000 observa- 
tions of the disappearance or reappearance of a very faint 
light (perhaps 20 times as bright as the faintest perceptible), 
0%: -507, but corresponding measures with a moderately bright \ 
spectrum, the light being about 10,000 times as intense as that 
called “very faint,” gave 0° 249, a number which is inter- 
mediate between the times found by Professor Mendenhall for 
the appearance of a white card (0** -292) and that of an electric 


spark (0** 203). We may therefore conclude that distinct i 
vision for a very faint light demands about one half second of | 


time, while the perception of light of ordinary brightness re- 
guires only about half that interval. It is possible that differ- 
ences in the rapidity of the perception for lights of different 
colors might be detected on more exhaustive study, but none 
have been noted in these e xperiments other than those which N 
were attributable to the variation of intensity. 4 

It will be seen that quantitative measures of the effect upon 
the eye of different rays whose luminosity varied in the pro- 
portion of 200 000: 1, were actually obtained and that it 
would have been possible to considerably exceed these limits, 
especially when it is considered that the photometric measures 
were confined to lights of feeble intensity. Since it is possible 
to look directly at the sun for as short a time as one-half see- 
ond, it is certain that the eye, by the combined adaptability of 
the iris and retina, can perceive lights whose intensities vary in 
the ratio of 1 to 1 000 000000 000000.* (10)’* 


*It may be interesting to check this result by an entirely different method. 
The light of the sun is, according to Pickering, equal to that of a star of —25°5 
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It will be understood that the writer does not profess any 
competence in physiological optics, and that the preceding ob- 
servations and the conclusions reached from them are both to 
be understood from the purely physical point of view. This 
being premised, we will summarize the paper in the following 
conclusions. 


The time required for the distinct perception of an exces- 
sively faint light is about one-half second. <A relatively very 
long time is, however, needed for the recovery of sensitiveness 
after exposure to a bright light, and the time demanded for 
this restoration of complete visual power appears to be greatest 
when the light to be perceived is of a violet color. 

The visual effect produced by any given, constant amount 
of energy varies enormously according to the color of the light 
an question. It varies considerably between eyes which may 
ordinarily be called normal ones, but an average gives the fol- 
lowing proportionate result for seven points in the normal 
spectrum, whose wave-lengths correspond approximately with 
those of the ordinary color divisions, where unity is_ the 
amount of energy (about zy455 erg) required to make us see light 
in the crimson of the spectrum near A, and where the six 
preceding wave-lengths given correspond approximately to the 
six colors violet, blue, green, yellow, orange, red. 


Color. Violet. Blue. Green. Yellow. Orange. Red. Crims. 


Luminosity, 1,600 62,000 100,000 28,000 14,000 1200 1 
(Visual effect.) 


Since we can recognize color still deeper than this crimson, 
it appears that the same amount of energy may produce at 
least 100,000 times the visual effect in one color of the spec- 
trum that it does in another, and that the vis viva of the 


waves whose length is 0-75, arrested by the ordinary retina, 
represents work done in giving rise to the sensation of crim- 
son light of 0:0000000000003 horse power, or about 0-001 of 
an erg, while the sensation of green can be produced by 
0:000000,01 of an erg. 


stellar magnitude, or 4400,000000 times that of Sirius (Mag. —1-°4) which again 
is about 910 times that of a sixth magnitude star, ordinarily considered the faintest 
visible to the naked eye. Here the light of the sun is to that of the minimum 
visibile as 1 to 4,000000,000000 (4x 10'*), but the difference seems accounted 
for by the fact that the ratio by this latter method is found for an eye exposed 
in starlight by the former for an eye in absolute darkness. 
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Art. XL.—Mineralogical Notes ;* by W. Eart Hippen. 


Aenotime, from New York City.—In 1872 I discovered, in 
the vicinity of 155th street and 11th avenue, a single crystal of a 
mineral which I then determined to be xenotime. It occurred 
in a coarse pegmatite vein traversing gneiss and associated with 
much muscovite, tourmaline, orthoclase, quartz and apatite. 
The determination was based upon the form and physical 
characters which agreed with those of xenotime. This crystal 
was ,*, inch in diameter. It showed the planes 1 (111) and J 
(110) and in habit resembled figure 438 of Dana’s System of 
Mineralogy. The planes were too uneven to allow of exact 
measurement. 

In February of this year my attention was called, by Mr. 
William Niven, of New York, to a series of specimens he had 
lately collected in the same neighborhood. They included 
besides black tourmaline, dark green apatite, muscovite and 
orthoclase, two small brown crystais on separate specimens 
resembling zircon in form. An indication of prismatic cleavage 
and the inferior hardness (about 5) led me to believe them to 
be xenotime ; this determination was confirmed by a chemical 
test of one of the crystals which yielded a large amount of 
P,O,. These new crystals have long prisms and very smooth 
planes, thus differing from the first one found in 1872. The 
color is dark hair-brown. It is similar in form to a crystal 
from Schiittenhofent figured by R. Sharizer, excepting that it 
is much longer vertically. It is similar also to the xenotimes 
from Alexander County already described in this Journalt and 
to crystals from Hitteré, Norway lately described by G. Flink.§ 
Careful measurements were made by Mr. H. S. Washington, 
with a Fuess horizontal goniometer, of the angles of one of 
these New York Island xenotimes. He states that, “the images 
were very good and the angles are quite reliable and useful for 
comparison. They agree well with vom Rath’s values.”| The 
following were the best angles (supplement) obtained. 

8 a8(111 4111) = 55° 32’ 30” 
sar (1114311) = 29° 50’ 30” 
giving c: a = 0°619431: 1 


Only three planes were observed, i. e., s (111), m (110) and 
r (811). 


* Continued from vol. xxxiii, p. 501. 
+ ‘Zeitschrift fiir Krystallographie, ete.,” xiii, 1, 1887, figure 1. 
This Jour., IIT, xxxii, p. 206, Sept., 1886. 
$ Bihang till K.-Svensk. Vet. Akad. Hand., xii, part 2, No. 2, p. 41 (1886). 
j Jahrb. Min.. 1879, p. 536. 
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Later work at this locality, by Mr. Nivens, has resulted 
in the finding of crystals of zircon (G. =4°73), monazite 
(G. = 5°51), chrysoberyl, iolite, pinite, and two others, which 
I have not as yet identified, all new to the locality. 

Xenotime, from Alexander Co., North Carolina.—In some 
concentrations of vein material from the locality formerly known 
as Miiholland’s Mill,* I have also found several brilliant brown 
transparent crystals of xenotime. An ounce of this sand yielded 
more than a dozen perfect crystals. They were minute, none of 
them exceeding 2™" in length and from to gm in thickness. 
The hardness was less than 5; the quantity w as too minute to 
allow of a specific gravity determination. With these hair- 
brown xenotimes and topaz-yellow monazite also occur very 
brilliant ruby-red crystais of rutile and small muscovite erystals. 
The measurements of the angles were attended with considera- 
ble difficulty but the following satisfactory results were tinally 
obtained : 

s’as’”’ (111. 111) = 963° approx. 
m’ as’ (1104111) = 1314° approx. 

As to the new plane f (2-7, 201), it was observed equall 
developed, as shown in figure 1, on all the crystals found. 
Its symbol is determined without measurement, by the fact 
that its terminal edge is truncated by the pyramid 1. It is to 
be hoped that the mining now going on in this region may 
bring to light macroscopic examples of this very interesting 
type of xenotime. 

At a new locality, about 34 miles nearly due east, I found, 
in August, a few small erystals of xenotime of a dark brown 
color that had polished planes. They were found associated 
with monazite, rutile, muscovite and quartz crystals. 

Xenotime-zircon, from a new locality.—On the Davis land, 
on the east side of the road that leads from Zirconia Station to 
Greenville, via. “ Poinsetts Spring ;” and distant about four 
miles from Green River Post Office, Henderson County, North 
Carolina, there is an outcropping of decomposing granite that 
has lately yielded a small quantity of very interesting minerals ; 
only one of which I shall describe at this time. 

A cubic yard of the partly kaolinized material yielded on wash- 
ing nearly an ounce of a mixture of zircon, monazite, xenotime, 
a member (as yet unidentified) of the samarskite group, and 
considerable magnetite in octahedral crystals. Figure 2 shows 
the symmetrical development of the largest xenotime found, 
and its association, in parallel position, with a crystal of zircon, 
The specimen is nearly one centimeter thick. The zircon 
erystal forming the center is bright dark-brown and the xeno- 


* Now Warren’s. On the monazite from this locality see this Journal, xxii, 21, 
1881, and xxiv, 247, 1882. 


Da 


382 W. E. Hidden—Mineralogical Notes. 


time has a pale yellowish gray color. The planes on both are 
smooth but unsuited for correct measurement. 

These symmetrically compounded crystals of zircon and 
xenotime were first noticed by Zschau on specimens from 
Hitteré, Norway. In 1879 I found similar erystals at the 


Mills’ gold mine* (placer washing), in Burke County, N. C. 
The xenotime here figured is especially interesting from the 
presencé of the rare “planes P (001) and d (100) ; both of 
which have been observed by Flink on Norway erystals.+ The 
basal plane I have myself observed on a large crystal from the 
bastneesite localityt in Colorado. 

Of the seventeen distinct crystals of xenotime found at this 
locality, seven (the largest) had zircons enclosed in parallel 
position and one showed the plane 3-3 (311). Of the as- 
sociated minerals, there were noticed two varieties of zircon: 
the ordinary gray crystals and the soft dark-brown cyrtolite 
variety with curved faces. The latter seems to be the only 
kind as yet found compounded with xenotime. 

Xenotime-zircon, from Mitchell County, N. C.—On the 
eyrtolite from the Deake mica mine I have lately observed a 
single instance of xenotime occurring (in patches only) in par- 
allel position ; resembling ‘greatly the Henderson C ounty crys- 
tals above described. The associations were gummite and 
uraninite. 

Aenotime, from McDowell Co., N. C.—I have lately re- 
ceived from Mr. T. 8. Ash, several xenotime crystals that were 
found near Dysartsville,g McDowell County, N. C.; one of 
these is 14™" in diameter. One clear brown erystal (3x 5™") 
exhibits a type of form which I have not seen credited to 
the species. The crystal is made up of only the one form 
s (1, 111), but the faces, while smooth and polished, are 


* This Journal, vol. xxi, p 244. + This Journal, xx, p. 273. 
This Journal, vol. xxix, p. 248. 
Three miles west from the Mills mine above cited. 


1 2 

! 

} 

} s 

| 

\ f d, A 

\ X J 
| 


Chemistry and Physics. 383 


curved and twisted in a manner comparable only to those 
strangely contorted smoky quartz crystals from Mount St. 
Gothard, Switzerland, and to some crystals of pearl-spar (dol- 
omite). The crystal described is so bent that an edge s’/s 
(111/111), which should be horizontal, stands nearly at an 
angle of 45° from its proper position. The crystal weighs one- 
sixth of a gram and has a density of only 4:27. The prismatic 
cleavage is well marked by internal reflections. The hardness 
seems to be slightly above five. ; 
Newark, N. J., September 7th, 1888. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND PHYSICS. 


1. On the Relation of Solubility to Fusibility—CaRrneLLry and 
TxHomson have devised a simple and efficient apparatus for deter- 
mining the solubility of substances in various solvents and have 
applied it to the estimation of the solubility of the isomers meta- 
nitraniline and para-nitraniline in thirteen different solvents. 
With the aid of these results, together with others already on 
record, these authors have discussed the close relation which exists 
between the solubility of isomeric carbon compounds and their fusi- 
bility, already pointed out by one of them several years ago, 
Starting from the observation of Pictet that the lower the melt- 
ing point of a solid, the longer are the oscillations of its molecules, 
so that the product of the melting point, measured from the abso- 
lute zero, by the Jength of oscillation is constant, the authors 
reason that of two isomers, the one with lower melting point 
will, at any temperature below this point, have its molecules 
moving with oscillations of greater amplitude than the one with 
the higher melting point; and consequently, the molecular 
weights being equal, the force of restitution will be less in the 
case of the more fusible compound, and its molecules, being in a 
less stable condition, will be the more readily separated from 
their fellows. Now inasmuch as, in order that a solid may dis- 
solve in any liquid, its molecules must undergo a sort of unloosen- 
ing process, the conclusion is legitimate that of two isomeric 
bodies, that one should dissolve the more readily in which the 
attraction toward the mean position is least, i. e., the more fusi- 
ble one. The authors conclude: Ist, that for any series of iso- 
meric organic compounds, the order of solubility is the same as 
the order of fusibility, the more fusible body being the more sol- 
uble one. 2d, in any seri®s of isomeric acids, not only is the 
order of solubility of the acids themselves the same as the 
order of fusibility, but the same order of solubility extends to all 
the salts of these several acids; so that the salts of the more 
soluble and more fusible acids are also more easily soluble than 
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the corresponding salts of the less fusible and less soluble acids. 
In order to test the first law, 1778 cases of isomeric compounds 
were examined as to fusibility and solubility ; and of these 1755 
were found to agree with the rule. With regard to the second 
law, 138 out of 143 cases were found to obey it. Of the 28 
exceptions to both laws, 16 there is reason to believe are only 
apparent ; leaving only 12 at the most, not at present explicable. 
On investigating “the influence of the nature of the solvent, the 
authors find: Ist, that for any series of isomeric compounds the 
order of solubility is the same whatever be the nature of the 
solvent. And 2d, that the ratio of the solubilities of the two 
isomerides in any given solvent is very nearly constant and is 
therefore independent of the nature of the solvent. The former 
rule was found to hold in every one of 666 cases examined ; and 
the latter in the case of the two nitranilines with the 13 solvents 
as above described. The authors are disposed to regard the rela- 
tion of fusibility to solubility as but a part of a more general 
law, i. e., that the properties of the corresponding derivatives of 
two or more isomeric compounds are related to one another in 
the same way as those of the primitive isomers themselves. This 
relation however need not be restricted to isomeric bodies; and 
the paper shows its existence in the allotropic forms of phos- 
phorus, selenium and sulphur, in paraffin, and in mixtures of 
potassium and sodium nitrates.—J. Chem. Soc., liii, 782, Sept., 
1888. G. F. B. 

2. Raoult’s method for determining Molecular Weights.—The 
method of Raoutt for determining molecular weights consists in 
measuring the amount by which the solidifying point of a solvent 
is lowered by a known weight of a dissolved substance; the 
apparatus required being only a vessel to contain the solvent and 
a thermometer reading to tenths. V. Meyer, having used it suc- 
cessfully, somewhat modified, to prove the identity in molecular 
weight of two isomers he was investigating, his associate AUWERS 
was led to a study of the conditions most essential to its success- 
ful employment in the laboratory. The formula used is M=T+ 
A, in which M is the molecular weight, T the molecular depres- 
sion and A the depression caused by one gram of substance in 
100 grams of solution. The value of T is first to be determined, 
which is accomplished by taking members of the series of com- 
pounds under consideration (for which this value is constant) of 
known molecular weight. The selection of a solvent is a matter 
of prime importance, since it is necessary that no chemical action 
should take place between it and the substance to be tested. 
Water is objectionable not only because of its tendency to form 
hydrates, but also because of its limited solvent power for most 
organic bodies, and because a considerable amount of material is 
required. Benzene is better, but its use is also limited. The 
best sulvent is glacial acetic acid, which can be used with a great 
range of substances. The errors are small and it is quite suffi- 
cient to secure a depression of about 0°3°. It may be used at 
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ordinary temperatures, provided a closed space be employed such 
as the author describes. Experiments with naphthalene and 
picric acid, acetanilide and benzil, and the isomeric diacetyl-com- 
pounds of f-diphenylglyoxime are described in the paper.— Ber. 
Berl. Chem. Ges., xxi, 701, 784, 860, 1068, March, April, 188s. 
J. Chem. Soe., liv, 408, 597, May, June, 1888. G. F. B. 
3. On the Vapor-density of Hydrofluorie acid.—Tuorrk and 
Hamsiy have published a preliminary note on the vapor-density 
of hydrogen fluoride. The object of their experiments was to 
ascertain whether this gas possesses a constitution agreeing with 
the formula H,F,, assigned to it by Mallet from its density at 
30°5°, through any considerable range of temperature. By 
means of a large platinum apparatus provided with stopcocks of 
the same metal the vapor density of hydrogen fluoride was de- 
termined at temperatures varying from 26°4° to 88°3°. The ma- 
terial was prepared pure as required for each experiment, from 
acid potassium fluoride, and was then redistilled through the 
platinum apparatus placed in a bath of glycerin. Fourteen ex- 
periments at short intervals between the limits of temperature 
given, afforded values corresponding to molecular weights rang- 
ing from 51°19 at 26°4° to 20°58 at 88°3°. It appears therefore 
that there is in this case a gradual and progressive breaking 
down of a complex molecular grouping, analogous to that ob- 
served in the case of acetic acid.—J. Chem. Soc., liii, 765, August, 
1888, G. F. B. 
4. On the Spectrum of Oxygen.—JANssEN, in his observations 
on the Pic du Midi, has shown that the indistinct bands in the 
spectrum of oxygen become visible in the solar spectrum when 
the layer of the atmosphere through which the sun’s light passes 
is sufficiently large. He has confirmed the existence of these 
bands and has proved, by a series of observations ranging from 
atmospheric pressure to a pressure of 100 atmospheres, with tubes 
varying from 0°42 to 60 meters in length, the law that the intens- 
ity of these bands is proportionate to the product of the diameter 
of the layer of oxygen into the square of the density of the gas. 
Janssen has calculated that the bands should be just visible with 
a layer of liquid oxygen four or five millimeters in thickness ; 
and the result of the calculation has been verified by Olzewski 
who has experimentally observed them in a layer seven milli- 
meters thick.— C. #., evi, 1118, April, 1888. G. F. B. 
5. On the Valence of Oxygen.—In order to avoid the high 
valence of the haloids, on the one hand, in their oxygen acids, and 
on the other, the long and fragile atomic chain, Heyes has sug- 
gested that oxygen should be considered as quadrivalent, the 
haloids themselves being trivalent. Thus written potassium hypo- 
chlorite becomes K—Cl=O=O=CI—K; and the chlorate and 
perchlorate are to be viewed as formed of the group K—Cl= 


joined to groups of oxygen atoms (O.)” or (O.)”, in such a wa 
J grou} ys 3 


perhaps as to form a closed chain. Moreover the author believes 
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that by supposing the haloid elements to be trivalent, the molecu- 
lar compounds of their salts can be better explained than is possi- 
ble if the atoms are grouped about a central atom of high 
valence. The author thinks that the p sroperties of the peroxides 
BaO, and MnO,, which are quite distinct from those of SiO, and 
SnO,, point to a formula R’=O=0, and thus sustain the quad- 
rivalence theory. The same is true of the oxides of silver, mer- 
cury and copper. As sodium dioxide is not decomposed by heat, 
he supposes it to have the structure Na—O—O—Na; although 
in K,O, he assumes an oxygen nucleus (O,)” analogous to that 
in KCIO, and Cl,O,. Moreover, this view that oxygen may act \ 
as a tetrad, at least oc casionally, is supported by the interaction 
of water with various organic substances such as aldehyde, acetal 
and acetic acid, by Ramsay and Young’s gaseous acetic acid 
molecule C,H 0, and by the substance (CH, i O-HCl, described 
by Friedel. The same is true of the double metallic oxides, basic 
salts, and water of crystallization (—OH,OH,.OH,—). The 
author proposes the term validity, in cases where the same atom 
has two valences, to indicate the less powerful attraction; so 
that chlorine would be univalent and trivalid, carbon is quadriva- 
lent except in CO and CNO where it is bivalid. As J. J. Thom- 
sen has shown, according to the vortex theory a dyad may unite 
not only with two but ‘also with four monad atoms; so that 
water may consist of three primaries H,—O—O. With this con- 
clusion the author’s formula, H, evidently agrees. It 


agrees also with Brodie’s H,00.— Phil, Mag., V, xxv, 221. 

G. F. B. 
6. On the Carbon Atom and Valence.—V. Meyer and 
have pointed out that the theoretical conclusions of Van’t Hoff 
and Wislicenus, supported and extended as they have been by 
; the experiments of Meyer and others on the isomeric benzil- diox- 
imes, require a modification in the generally accepted theory of 
the carbon atom and necessitate the addition to it of the two fol- 
lowing properties: (1) The four valences of the carbon atom 
can be diverted from the regular tetrahedric direction in which 
they are supposed to exist in marsh gas and compounds of the 
constitution Ca,; and (2) There are two ways in which two 

singly bound carbon-atoms can be united, one which allows free { 
rotation in various directions, and one which does not. On vari- 
ous chemical and physical grounds, the authors offer the follow- 
ing hypothesis on the constitution of the carbon-atom: The 
carbon-atom is surrounded by an etherial shell which in the- 
case of an isolated atom, has a spherical form; the atom itself 
is the carrier of the specific affinities, the surface of the shell is 
the seat of the valences; each affinity is determined by the 
existence of two opposite ‘electrical poles which are situated at 
the end-points of a straight line small in comparison with the 
diameter of the «thereal shell. Such a system of two electric 
poles is called a double or di-pole. The four valences of a carbon 
atom would be represented by four such di-poles, the middle 
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points of which are situated on the surface of the ethereal shell, 
but freely moveable within it. The di-poles themselves can 
rotate freely round their middle point. The carbon atom has a 
greater attraction for positive than for negative electricity and 
the positive pole of a valence is slightly stronger than the nega- 
tive pole. The following facts, it will be observed, become ex- 
plicable upon the above hypothesis: (1) why the four valences 
take up the position of a regular tetrahedron; (2) why they can 
be diverted from this position; (3) why the valences of one and 
the same carbon-atom eannot combine together, while the valen- 
ces of different carbon-atoms can do so; (4) why there are two 
kinds of single binding (a) a stable one and (4) one allowing free 
rotation; and (5) why free rotation ceases. in cases of double or 
triple-binding.— Ber. Berl. Chem. Ges., xxi, 946, March, 1888; J. 
Chem. Soe., liv, 549, June, 1888. G. F. B. 

7. The Chemical Analysis of Iron; by ANDREW ALEXANDER 
Buair. 282 pp. 8vo, Philadelphia, 1888. (J. B. Lippincott Com- 
pany).—In this volume the author has given a full account of 
the methods employed in the analysis of iron and steel, iron ores, 
slags, limestone, clay, sand, the fuels, furnace gases. It is ex- 
haustive in method, describing the apparatus and the methods 


_ of making reagents as well as the details of the quantitative 


processes by which the various constituents are determined. The 
execution of the work as regards printing, cuts, etc., is unusually 
good, and fully up to the excellence of the subject matter. 

8. Interference of Electro-magnetic Waves.—Professor Frrz- 
GERALD, Vice President of the Mathematical and Physical sections 
of the British Association at the late meeting at Bath, England, 
thus speaks of Hertz’s work. “There are some difficulties sur- 
rounding the complete interpretation of some of Hertz’s experiments. 
The conditions are complicated, but I confidently expect that they 
will lead to a decision on most .of the outstanding questions on 
the theory of electro-magnetic action. There is no doubt that 
he has observed the interference of electro-magnetic waves quite 
analogous to those of light, and that he has proved that electro- 
magnetic actions are propagated in air with the velocity of light. 
By a beautiful device Hertz has produced rapidly alternating 
currents of such frequency that their wave-length is only two 
meters. These waves are propagated three hundred thousand 
kilometers in a second, ‘To detect them he made use of the 
principle of resonance, and constructed a circuit whose period of 
vibration for electric currents was the same as that of his genera- 
ting vibrator, and he was able to see sparks, due to the induced 
vibration, leaping across a small air space in this resonant circuit. 
He has been able to observe the interference between waves in- 
cident on a wall and the reflected waves. His generating vibrator 
was placed several wave-lengths from a wall and the receiving 
resonant circuit was placed between the generator and the wall. 
In the air space he was able to observe that at some points there 
were hardly any induced sparks, but at other and at greater dis- 
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tances from his generator they reappeared, to disappear again in 
regular succession at equal intervals between his generator and 
the wall. It is exactly the same phenomenon ‘as what is known 
as Lloyd’s bands in optics, which are due to the interference between 
a direct and a reflected wave. It follows that just as Young’s and 
Fresnel’s researches on the interference of light prove the undula- 
tory theory of optics, so Hertz’s experiment proves the ethereal 
theory of electro- magnetism.”— Nature, Sept. 6, 1888, p. 446. 
J. T. 

9. Ultra violet Spectra of Metalloids.—M. DESLANDRES gives a 
fall history of the work of previous observers and discusses the 
division of the spectra into groups, particularly of the ultra violet 
spectrum of ozone, which he believes to be composed of that of ozone 
and oxygen. He has also verified the law that the band spectra 
show a repetition of similar bands or series of similar lines, and 
present an analogy to lines of metals which show a similar repe- 


tition. He indicates a simple relation between the spectrum of 


the vapor of water and that of oxygen, that is to say, between 
the spectrum of a compound and one of its components. The in- 
vestigation of the author was undertaken with apparatus of com- 
paratively small dispersion. Plates accompany the article.— 
Annales de chimie et de physique, Sept., 1888, pp. 1-86. J.T. 


10. A Substitute for Bisulphide of Carbon in Optical work.— * 


H. G. Mapan recommends the use of phenylthiocarbimide. Its 
density is 1°35, boiling point 222°. Index of refraction for B and 
G lines 1°639 and 1°707. It has the same dispersive power as 
bisulphide of carbon, and can be used in prisms to more advan- 
tage than the latter.— Chem. News, lvi, p. 257-258, 1887. J. 7. 

11. Index to the Literature of the Spectroscope, by Alfred 
Tuckerman, Ph.D. Smithsonion Miscellaneous Collections.— 
This work contains a list of all the books and articles upon the 
spectroscope and spectrum analysis which have been published 
up to July, 1887. It contains a bibliography of the History; of 
the books; of the apparatus; of the analysis in general; of quali- 
tative analysis; of quantitative analysis; of absorption spectra; 
of alkalies and alkaloids; of astronomical spectroscopy ; of carbon 
compounds; and of the spectra of the metals; together with a 
list of the authors. The number of titles which the index contains 
is 3,829 and the number of authors 799. These numbers show 
how great a service Mr. Tuckerman has rendered to the workers 
in the field of spectrum analysis. The task of looking up a 
subject upon which one is engaged is always a laborious one; es 
pecially in a subject like spectrum analysis in which there are so 
many investigators. Few libraries, moreover, contain all the pub- 
lications in which scientific men of different countries publish 
their results. One who has run from alcove to alcove and from 
library to library will take up this index with asigh of content- 
ment and heartily thank the author. 


( 
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II. Grotocy AND MINERALOGY. 


1. International Geological Congress at London.—The trien- 
nial meeting of the Geological Congress commenced its sessions 
in London on the 17th of Septentber, and was opened by the 
Inaugural Address of Professor J. Presrwicn, President of the 
Congress, reviewing the results of former meetings, criticising 
some of the points in the proposed scheme of nomenclature, and 
stating the subjects open for discussion. The meeting passed 
without formal votes on the various questions at issue. The sub- 
stitution of the term Ordovician for Lower Silurian was con- 
sidered, and appeared to have comparatively little support. It 
was opposed strongly by Dr. Archibald Geikie, Director of the 
Geological Survey of Great Britain. Several papers were pre- 
sented on the nature and origin of crystalline rocks, and abstracts 
on the papers in full are published in Nature of Sept. 20 and 27, 
and Oct. 4. The authors of the papers are Professor Ph. Lory, 
T. Sterry Hunt (holding firmly still, September, 1888, to the 
Taconian and all his other subdivisions), Professor J. Lehman, 
Professor K. A. Lossen, Dr. Albert Heim, A. Michel-Lévy, and 
M. Karpinski. The last four of these geologists brought forward 
cases of fossiliferous crystalline schists of different periods. These 
and other papers with a full account of the sessions will appear 
in the Report of the Congress. 

Philadelphia was selected as the next place of meeting, and a 
committee was appointed to make the necessary arrangements, 
consisting of Messrs. Hall, Dana, Newberry, Frazer, Gilbert, 
Hunt, Marsh and Walcott. 

From Nature of Oct. 4 we learn that according to the report of 
Dr. W. Hauchecorne on the map of Europe, four or five sheets of 
Central Europe will be ready for publication during the next two 
years and be published without waiting for the rest. The whole 
number of sheets is to be forty-nine. The scale is 1: 1,500,000, 

American geologists were well represented at the meeting. 
One of them observes that the Congress, as regards acquaintance- 
making, opportunity for comparing views and the modes of 
studying problems in use in different countries, and the discussion 
of the many problems of international interest was a great 
success. But “there seemed to be a very general agreement that 
votes can settle very few of the questions.” The American Com- 
mittee, above mentioned, will have a session at New Haven in 
November, during the meeting at that place (commencing Nov. 
13) of the U. 8S. National Academy. 

2. Theoretische Geologie von Dr. E, Reyer, a. o. Prof. der 
Geol. an der Univ. Wien. 868 pp. 8vo, with 700 cuts and three 
maps. Stuttgart, 1888 (E. Koch).—The work of Dr. Reyer is 
based on the recent as well as older results of investigations, and 
not less those of America than of Europe; and largely upon 
his own investigations. The subjects discussed include volcanic 
action and its various results; intrusive sources, conditions, and 
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consequences ; the various “facies” of sediments and sedimenta- 
tion over the globe; deformation through pressure and other 
means, and the attendant fracturing, flexing, compression, fault- 
ing; metamorphism of different sources; foliation; ayd other 
topics in dynamical geology. ‘ The views of the work are those 
of an independent thinker, whose geological excursions have had 
a wide range, western North America being included. They 
are fairly presented, with a recognition of the labors of others, 
and merit full consideration, if sometimes questioned. The work 
is well adapted for the student by its clear style and very numer- 
ous illustrations, 

3. Les Formes du Terrain, par G. de la Nod, Lieut.-Col. du 
Génie au Service Géographique, avec la Collaboration de Emm. 
de Marcerte. Paris, 1888. Service Géographique de l’Armée, 
206 pp. 4to, with 48 plates.—The subject of this work is essen- 
tially topography as determined by the action of running waters, 
aided by disaggregating atmospheric agencies, on rocks, differing 
in kind and firmness, in all their various forms and positions, 
horizontal, tilted or oblique, flexed, etc. The topics are treated 
in a systematic way, with great fullness of detail, making the 
volume a comprehensive review of the methods and results of 
denudation, They are further illustrated by sketches and sec- 
tions on the many plates. Part of the facts and illustrations as 
well as some important principles are taken from authors on 
Rocky Mountain topography, especially Powell and Gilbert. The 
volume is a valuable contribution to the science of geology as 
well as that of physical geography. 

4. The Structure and Classification of the Mesozoic Maim- 
malia; by H. F. Ossporn, Prof. Comp. Anat. Princeton College, 
July, 1888 (Journal Acad. N. Sci. Philad., vol. ix, no. 2).—Prof. 
Osborn here gives a very valuable review of the characters and 
relations of the Mesozoic mammals of America, Great Britain and 
other countries, with figures illustrating the subject and new facts 
and figures relating to the American species. The animals were 
all small, the length of jaw varying from half an inch to an inch 
and a half. Prof. Osborn sustains the view that they are not all 
marsupial, but that placental mammals are included, probably 
the Insectivora or their predecessors, and that marsupial and 
placental mammals have not successional but parallel genetic 
relations, 

5. Hozoon Canadense-—Dr. Dawson, in a paper on “ Speci- 
mens of Eozoon Canadense” in the Museum of McGill Uni- 
versity, Montreal, recently published by the Museum, besides 
describing specimens, reviews anew the Eozoon question. After 
mentioning on page 50, his own paper in this Journal criticizing 
Professor Mdbius’s memoir on the subject, he observes that “ the 
editor of the American Journal of Science gave Professor M. an 
opportunity to reply, but stated that he had pledged himself 
[promised Professor Moébius, on condition of his writing out his 
views for the Journal] that no rejoinder would be permitted—a 
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somewhat unfair decision where the case was one of unprovoked 
attack, and this based on material published by Dr. Carpenter 
and myself.” By referring to Dr. Dawson’s article in this Jour- 
nal for 1879 (vol. xvii) the reader will be able to judge whether 
Professor Mébius’s article six months later (vol. xviii) was an 
unprovoked “attack” or not. It appears to us that the “attack” 
was first made by Dr. Dawson, if there was any “attack” in the 
discussion. But we did not regard either paper as an “ attack,” 
for each was courteous though earnest. We hold that an honest, 
courteous criticism is not an attack: It is bad for science that 
investigators should ever thus regard it; for in that case criti- 
cism pretty surely degenerates into attacks which treat oppo- 
_tents as “ adversaries.” 

5. Nya anmdrkningar om Williamsonia af A. G. Nathorst— 
(Ofversigt af Kongl. Vetenskaps-Akademiens Forhandlingar, 
June, 1888. No. 6.)—The discovery described in this preliminary 
note in Swedish is of the highest interest to geologists and 
paleontologists. It is nothing less than that the author has found 
the peculiar inflorescence known as Wéilliamsonia angustifo- 
lia Nath. attached to the stems and foliage of Anomozamites 
minor (Brongn.) Nath., so as not only to show that the genus 
Williamsonia belongs to the Cycadacer, as long ago conjectured 
by Williamson, but also to indicate in what manner these flowers 
were developed in the forks of the sympodial stems of those 
cycadean plants. <A figure is given showing all this, which, how- 
ever, is admitted to be largely a restoration, and leaves many 
things to be explained in the forthcoming memoir which is 
promised. L. F. W. 

6. Riebeckite, a new mineral.—Dr. A. Sauer has described 
under this name what he regards as a new member of the 
amphibole family corresponding to egirite among the pyroxenes. 
It occurs in the granite of the island of Socotra, where it was 
collected by Dr. E. Riebeck. It appears in slender prismatic crys- 
tals, black in color, and showing the characteristic cleavage of 
amphibole. An analysis, after the deduction of 7°12 per cent. 
zircon, yielded : 

SiO. Fe.0; FeO MnO CaO MgO K,0 
5001 28:30 987 063 132 034 879  072=99°98 

It thus in composition corresponds closely to egirite and differs 
from the arfvedsonite analyzed by Lorenzen chiefly in the state 
of oxidation of the iron; he found in the Greenland mineral 3-80 
p. c. Fe,O, and 33°43 p.c. FeO. The doubt existing as to the 
true composition of arfvedsonite, however, prevents a definite 
conclusion as to the relations of the new mineral to it.—Zeitschr. 
Geol. Ges., x1, 138, 1888. 

7. Mazapilite,a new mineral.—Dr. G. A. Konig announces : 
new mineral from Zacatecas, mining district of Mazapil, Mexico. 
It occurs in deep red to black crystals, believed to be ortho- 
rhombic. The hardness is nearly 7, the specific gravity 3°567. 
Preliminary trials have led to the conclusion that in composition 
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it is an arsenite of calcium and iron.—Proc. Acad. Nat. Sei. 
Philad., July 3, 1888. 

8. The Minerals of New York County, ineluding a list com- 
plete to date; by B. B. CuamBeruin.—This little pamphlet, by 
the late Mr. Chamber ‘lin, is a valuable contribution to the local 
mineralogy of New York, a subject to which the author had 
given much attention. 


III. Borany AND Zoo.Loey. 


1. es SERENO Watson’s Contributions to American Botany. 
—The last two numbers of this important series have not yet 
been noticed in this Journal. For reference the titles are here 
given. No. 14 contains:— List of plants collected by Dr. Edward 
Palmer in the State of Jalisco, Mexico, in 1886. In this list the 
Gamopetale were determined by Professor Gray, the Juncacer 
and Cyperacee by Dr. N. L. Britton, the Graminee by Dr. 
Vasey, and the ferns by Professor Eaton. Proceedings of the 
American Academy of Arts and Sciences, vol. xxii, pp. 396-485. 
Also in the same volume, pp. 466-489: a second paper, entitled, 
New Species. These species are about 40 in number.—No. 15, 
same Proceedings, vol. xxiii, contains [1] Some new species of 
plants of the U. 8S. with revisions of Lesquerella ( Vesicaria), and 
of the North American species of Draba, pp. 249-267. [2] Some 
new species of Mexican plants chiefly of Mr. C. H. iggy s col- 
lection in the Mountains of Chihuahua, in 1887, pp. 276-283. 
[3] Description of some plants of Guatemala, pp. 283-287. 

G. L. G. 

2. Flora of Middlesex County, Mass.; by L. L. Dame and F., 

S. Cortins, Malden, Middlesex Institute, 1888, pp. 201, with map. 

—The authors of this work have spared no pains to ensure a good 
degree of accuracy and completeness. In the first place, they are 
themselves botanists of experience and have personally examined 
with great care some of the most interesting portions of the dis- 
‘trict. And, second, they have availed themselves of the assist- 
ance of a ewoodly number of local collectors, while all important 
doubtful determinations have been submitted to special authori- 
ties. Thus, doubtful Composite were examined by the late Pro- 
fessor Gray, Mr. Bebb aided in determining the willows, and Drs. 
Watson and Farlow assisted at many points by the collections in 
their charge. 

The county is irregular in outline and considerably diversitied 
in surface. Its highest land, Mt. Watatic, in the western part, 
is somewhat less than 2000 feet above the level of the sea, sea- 
level being reached at the eastern limit. The county is abund- 
antly watered, and would seem from the map which is crowded 
with lakes, ponds, and rivers, to promise a rich vegetation, but 
the soil consists chiefly of the usual deposits and admixtures of 
gravel, sand, and clay, with which residents of eastern Massachu- 
setts are only too familiar. Hence there are here lacking many 
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of the New England species which give so great a charm to coun- 
ties in the Connecticut Valley. The richer soil and longer sea- 
sons of districts only a trifle farther west, make a noticeable 
difference in the vegetation. 

A trustworthy list like the Amherst or the Middlesex catalogue 
is of value to Botany, not only by furnishing to the geographical 
botanist the data which he requires for his investigations, but 
also by placing before local botanists a definite task, that of add- 
ing to the list. The desire to add to a carefully prepared list 
of new plants, is neither a slight nor an unworthy stimulus. 
Middlesex County presents a peculiarity which rather embar- 
rasses local collectors and hence has been very properly noticed 
by the authors of the catalogue. It contains not only more than 
its fair share of waifs and strays, but it has within its limits a 
good many European and Western plants which have been set 
out in favorable localities in the woods and swamps. A former 
gardener at the Cambridge Botanic Garden is responsible for 
numerous cases of this kind, but the most startling surprises are 
henceforth in store for those who herborise in Concord. There 
the collector is likely to come upon the most unexpected species 
growing thriftily. Such are the plants introduced into that town 
by one of its citizens. 

The catalogue is accompanied by a map which presents, by 
means of a novel method of indicating physical features, a large 
amount of information within narrow limits. It is to be regretted 
however that the map was not made on a larger scale, and the 
book itself of pocket-size. 

The authors are to be congratulated heartily on the successful 
completion of a task which has placed the students of botany 
within the county under obligations to extend the list. G. L. G. 

3. A Catalogue of Plants growing without cultivation in the 
County of Nantucket, Mass.; by Marta L. OwEN, Northamp- 
ton, Mass., 1888, p. xi, 87.—The physiographical sketch given in 
the introduction to this modest catalogue shows clearly why the 
vegetation of the island may well be full of interest. “ Nan- 
tucket, as regards its flora, seems like a piece of New Jersey 
moved up the coast for the convenience of northern amateurs in 
botany, who cannot get away from business long enough to go 
collecting in that State.” Further, we are told that “Jasmine in 
the gardens is, in ordinary seasons, in flower from November to 
February.” . . . “The ivy (Hedera Heliz,) flourishes in the open 
air without protection seemingly as well as in England, and no 
limit has been found to its upward growth, except the top bricks 
of the chimneys to which it climbs.” 

A climate of such mildness favors a varied vegetation. But 
almost every other condition is adverse. Therefore one is not 
wholly surprised to learn from Mrs. Owen’s catalogue, that there 
are less than 500 native species to be credited at the present time 
to this area of about fifty square miles. 

The author states that there are more than 100 introduced 
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species. Among the more interesting of the plants in Mrs. Owen’s 
list are the following, which occur very sparingly, viz: Calluna 
vulgaris, Erica cinerea, and Frica tetralix. The latter grows 
among imported pines; but, of the other heaths, the author says, 
“there is nothing in the surroundings, the usual and characteris- 
tic vegetation of that part of the island, to indicate accidental 
introduction.” But there can be, we think, no reasonable doubt 
that these heaths are not native. Under certain circumstances 
heaths, especially Calluna, can in a short time, make themselves 
much at home in the New England States. With the sterile soil 
and humid air of the island, it would seem as if they could estab- 
lish themselves very firmly. But as it is, they have there only a 
precarious foothold, and require that heed should be paid to the 
pathetic appeal which Mrs. Owen makes in their behalf. Botan- 
ists who go in search of the island rarities which Mrs. Owen enum- 
erates, should aid in defending them from the extinction which 
now threatens. G. L. G. 

4. Catalogue of the Flora of Vermont; by Grorce H. PeEr- 
Kins, Ph.D., Professor of Natural History in the University of 
Vermont (from the Tenth Report of State Board of Agriculture), 
pp. 74. Burlington, 1888.—This list is designed to replace an 
earlier one by the same author, published in 1882. It has been 
prepared with great care and is a valuable addition to our cata- 
logues of American plants. Certain parts of Vermont have long 
been famous as botanical collecting ground, especially Willoughby 
and Smuggler’s Notch. Professor Perkins says rightly, that 
other portions still wait for the botanist who shall thoroughly 
explore them. The remarks in the introduction to the list deal 
to some extent with the rapid changes which are now going on 
in the vegetation of the State, and the picture which the author 
draws of the effects of “improvements ” is discouraging. The 
introduction of western and other plants in grass seed is said to 
have changed the aspect of many acres of meadow-land. “Rud- 
beckias and Hieraciums have not only appeared, but so increased 
as when in bloom to change the appearance of the fields in which 
they have become located.” G. L, G. 

5. Plants of Rhode Island; by J. H. Bennett, Providence, 
1888, pp. 128.—Mr. Olney’s Cat: logue of Rhode island Plants 
was published more than forty years ago, and it appeared to the 
members of the Franklin Society high time to revise the list. 
The present catalogue is said by its author to contain three times 
as many species as the first enumeration, and yet contains, “ it is 
believed, but little more than the half of those species which grow 
without cultivation within our borders.” The latter remark must 


be taken to apply to the Cryptogamous species, which occupy 
rather more than half the whole number of pages of the list, and 
fifty-seven per cent of the total number of species enumerated. 
Mr. Bennett has been fortunate in securing the services of many 
collaborators, who have aided in making the list of Cryptogams 
considerably fuller than that given in any of the local catalogues 
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which have recently come to hand. It is to be regretted that the 
localities and the comparative frequency of occurrence are not 
given for the flowering plants and the fungi, with the same degree 
of fullness which we notice in the case of the lichens and the alow. 
G. L. G. 

6. Catalogue of the Flowering and Fern-like Plants growing 
without cultivation in the vicinity of the Falls of Niagara; by 
Davin F. Day, Troy, 1888, pp. 67.—This list was prepared at 
the request of the Commissioners of the State Reservation at 
Niagara. It contains besides the species discovered the names of 
some plants which “ may be expected to occur at the Falls,” and 
as the latter appear in the enumeration of the plants actually 
occurring, they are liable to introduce an element of error into 
comparisons of the numbers of species found within the limits of 
the reservation with those given in other catalogues of plants of 
like restricted areas. The introduction gives a short but interest- 
ing account of early botanical exploration near Niagara. G. L. G. 

7. Journal of Morphology.—The second volume of this excel- 
lent Journal was issued in August last. Its 176 pages are occu- 
pied by elaborate papers on the Structure of the gustatory or- 
gans of the Bat, by F. Tuckerman ; on the tritubercular molar in 
human dentition, by E. D. Cope; on the seat of formative and 
regenerative energy, by C. O. Whitman; the internal structure of 
the Amphibian brain, by Professor H. F. Osborn; and studies on 
the eye of Arthropods, by Wm. Patten. Mr. Whitmann closes 
his paper with the following paragraphs, pp. 48 and 49. 

“The action of the formative power has often been likened to the 
architectural power displayed in crystallization; and if the essen- 
tial distinctions are kept in view, such a comparison is justified by 
one or two very instructive analogies. If the physicist is not 
compelled to recognize a special crystallizing force, he is at least 
unable to deny that a crystalline aggregate reacts upon the parts 
in such a manner as to determine the direction of that marvellous 

‘constructive power’ with which the molecules are endowed. 
When we see a crystal reproduce its lost apex; or, as in the oft- 
cited experiment of Lavalle, an angle of an octahedral crystal 
spontaneously replaced by a surface, as the result of an artificially 
produced surface at the corresponding angle, we have no aiterna- 
tive but to infer a physical correlation of parts, under the influ- 
ence of which the direction of forces is determined. So in the 
development of a germ, in the repair of injured parts, and in the 
regeneration of lost parts, the fact is irresistibly forced upon us, 
that the organism us a whole controls the formative processes 
going on in each part. The formative power then belongs only 
to the organism as a physiological whole; and it does not repre- 
sent a sum or aggregate of atomic, molecular, or other forces, but 
results from special combinations of ultra-molecular units, and dis- 
appears as such the moment the physiological connexus is de- 
stroyed. 

“The idea may appear, at first sight, to stand in contradiction 
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with the fact that parts of an organism, resulting from sponta- 
neous or artificial division, possess the same formative power as 
did the undivided organism. But it must be remembered that 
most organisms do not admit of such division, and that in those 
that do admit of it, everything depends on how the division is 
made. The extra-capsular portion of a Radiolarian does not re- 
produce the central capsule, nor does the non-nucleated fragment 
of an infusorian regain its lost parts. Even here, then, it is not 
permissible to disregard the physiological correlation of parts, 
since both nuclear and cyptoplasmic elements are indispensable to 
the preservation of the formative power. We still have to regard 
such organisms as physiological wholes, although the physiologi- 
sal connexus may be representable in aliquot parts. 

“The principle holds true of every organism, irrespective of 
whether the mass is divided into cells or not. The fact that 
physiological unity is not broken by cell-boundaries is confirmed 
in so many ways that it must be accepted as one of the funda- 
mental truths of biology.” 


IV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Meeting of the British Association at Bath in 1888.—The 
meeting of the British Association opened on the 5th of Septem- 
ber, with the inaugural address of the President, Sir Frederick 
Bramwell. There were Addresses before the severai sections on 
the following day by the Presidents of the sections, Prof. W. 
Boyd Dawkins, of the Geological section, Wm. A. Tilden, of the 
Chemical, W. T. Thiselton Dyer, of the Biological, Col. C. W. 
Wilson, of the Geographical, W. H. Preece, of the section of 
Mechanical Science, and Lieut. Gen. Pitt Rivers, of that of 
Anthropology. Probably no geological paper excited greater 
interest than that of Mr. C. D. W alcott, of the United States 
Geological Survey, on the remarkable collection of fossils he had 
made during the summer from the Cambrian beds of south- 
eastern Newfoundland, leading to a change in the order of suc- 
cession of the American Cambrian fauna, putting the Olenellus 
zone at the bottom. A future number of this Journa’ will contain 
an account of his important results. 

The addresses above mentioned and abstracts of some of the 
papers presented will be found in the numbers of Nature for the 
months of September and October. 


OBITUARY. 


Mr. Bensamin B. the author of a pamphlet 
recently published on the Minerals of New York County, died 
suddenly on the 13th of October, at the age of fifty-seven. 
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MINERALS—NEW ARRIVALS. 


Finely crystallized Mazapilite, Hanksite, Colemanite, Descloizite, Thenardite in crosses, 
Red and yellow Wulfenite, Azurite, and Malachite pseudomorph after Azurite, 
Vanadinite, Opals polished and rough, silver minerals. Over 130 boxes of choice 
minerals from Mexico, California, Arizona, and the southwest have been purchased or 
collected at the localities by Prof. Foote ina trip of over four months, 

Hanksite, Colemanite, Ete. 

A week’s visit at Borax Lake (the best locality) secured the finest crystals of 
Hanksite ever seen. 

A month before our visit an 8-inch well had been drilled toa depth of over 100 
feet for the purpose of exploring the immense alkaline deposit. At the depth of 35 
feet asmall cavity was struck, from which were pumped through the drill hole the 
finest crystals ever seen. In these the pyramidal planes were much more developed 
than in the crystals originally described. There were only a few of these that were 
perfect, the most of them being broken by the drill. All of these, except a very 
few given to one person before L arrived, I secured. 

The groups similar to Aragonite, are more common. Groups, 25 cents to $5.00. 
Extra large museum groups 35.00 to S10.00. 

As all these specimens were secured by me at the loeality, they were oiled by me 
on the spot, and do not present the rounded or worn appearance usually shown. 

The failure of the principal firm mining boric acid minerais for several millions of 
dollars, and their offer of 40 cents on the dollar to their creditors, indicates that the 
borax deposits will be worked far less in the future than in the past. 

For this reason Colemanite, Thenardite, and other alkaline minerals, will probably 
be more scarce in the future than in the past. The best Colemanite we got came 
from a collection made several vears ago. Cleavages, price 5 cents to 25 cents; 
crystals 10 cents to 50 cents; fine groups of crystals 50 ccnts to $10.00. Thenardite in 
tine crossed crystals, 5 cents to $1.00, We have also Boras, from San Bernardino Co., 
Cal., at from 10 cents to $1.50. Some things are now being examined, 

Arizona Minerals. 

Descloizite from Pima Co.:—The largest crystallized specimen of this rare mineral 
that has ever been seen, weighs {4 lbs... measures {4 inches in length and seven in 
diameter, $100.00; smaller well-erystallized specimens, some associated with Vana- 
dinite crystals, $2.00 to $10.00; fragments well crystallized, 10 cents to S150, 

Vanadinite doubly terminated crystals, with straw-colored centers and red termi- 
nations on good pieces of gangue, Pima Co., $1.00 to $5.00; fragments well crystal- 
lized, 5 cents to 75 cents. 

Brown barrel-shaped crystals, from 25 cents to 5.00. 

Wultenite Red —Another hard trip to the Red Cloud mine enabled us to secure 
some specimens that the superintendent had been saving for us for over a year, 
We were there in July and under date of September zith. He writes us: “ That he 
is sorry to say they have feund no more Wulfenites.’ 

As the district is now almost entirely abandoned, and no more good specimens 
are now found at the mine, we were very glad to secure these, having sold all taken 
to Europe. Large specimen groups, $1.00 to $25.00; fragime nts and ¢ rystals, 5 cents 
to $1.50. 

In New Mevico we were very fortunate in striking a pocket of brilliant yellow 
Wulfenite equal to the best ever found at Eureka, Nevada. It is associated with 
tios ferri. The thin and delicate plates are very beautiful. Specimens, $2.00 to 
$10.00; fragments, brilliant, 10 cents to $1.50, 

From the Copper Queen mine and from Morenci we have obtained the finest 
Azurites and Malachite pseudomorph after Azurite ever seen. 

Malachite tibrous in beautiful surfaces and tufts, 5 cents to $5.00; same penetrat- 
ing clear calcite, 25 cents to $10.00; Malac hite polished, 50 cents to 33.00; Malachite 
and Azurite banded in a char ming manner, 75 cents to $5.00, 

Chrysocolla, with a very glossy, lustrous fracture, the finest ever seen, 10 cents to 
$5.00. 

Cuprite, brilliant, 5 cents to $5.00. 


Mexican Minerals. 


These are the result of the purchase of six entire collections of mining engineers 
and experienced collectors, and the choice of all the specimens in the private col- 
lection of the Professor of Mineralogy in the Mining College of Guanajuato. These 
purchases aggregated several thousands of dollars. 

Opals. We have brought back from Mexico this time the finest lot of these we 
have ever seen for sale. We have them of all kinds, precious or noble, fire, harlequin, 
milky, opal agate, opal with inclosures, hyalite, ete., ete., cut and in the rough, from 5 
cents to S100, 

Obsidian, Red and Black, from 5 cents to $1.00. 

The Tivin Calcites that we got from Guanajuato are more interesting in form than 
any we ever got before. 

Apophyllite, 122% x 10 inches, very tine surface entirely covered with large crystals, 
$50.00. Rose colored A pophyllite, $3.50 to $20.00. 

Valencianite, from the old Valenciana mine, in tine museum. 

Cassiterite, both tinstone and lar ze mi usses, 25 cents to SIO. 

Mevican Onyx beautifully bande d. 25 cents to S2.50. 

We again revisited the celebr: ated Turquois loc ality in New Mexico, and have 
some of the finest deep blue pieces we have ever seen, 10 cents to $7.50 each. 

Other minerals have been received in large quantities, but we have only space to 
mention the very interesting crystals of M wnetite from the Moriah mine, Essex 
County, N. 

Over 200 boxes of minerals and scientific vooks received in 1888. 
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